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(54) PROJECTING EXPOSURE METHOD 

(57)Abstract: 

PURPOSE: To accurately make a reticle coordinate 
system correspond to a wafer coordinate system by 
reducing influence of a lithographic error of a reticle 
when it is exposed by a slit scanning system. 
CONSTITUTION: Two rows of alignment mark 
images 29AW-29DW and 30AW-30DW are projected 
on a projected image 12W of a reticle in a scanning 
direction, and two rows of reference marks 35A-35D 
and 36A-36D are formed as well on a reference mark 
plate 6 of the wafer stage side in the scanning 
direction. The reticle and the plate 6 are moved in the 
scanning direction, an error of the images 29AW, 
30AW and the marks 35A, 36A is obtained by a 
reticle alignment microscope, an error of the other 
image and the reference mark is similarly obtained, these errors are corrected by a 
measuring error of a coordinate measuring system, thereby obtaining a conversion 
parameter between a reticle coordinate system and a wafer coordinate system. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of" this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Illuminate the lighting field of a predetermined configuration by the illumination light, and 
the pattern image on the mask in the lighting field of said predetermined configuration is exposed to 
the substrate on a stage through projection optics. By scanning said mask and said substrate 
synchronously relatively to the lighting field of said predetermined configuration In the approach of 
exposing the pattern image of an area larger than the lighting field of said predetermined 
configuration on said mask on said substrate Two or more marks for measurement are formed 
towards said relative scan on said mask. The reference mark member by which two or more 
reference marks were formed in these two or more marks for measurement and a location [****/ 
almost ] is arranged on said stage. Said mask and said substrate are moved synchronizing with the 
direction of said relative scan. Sequential measurement of the amount of location gaps of one mark 
for measurement in two or more marks for measurement on said mask and the reference mark to 
which it corresponds on said stage is carried out. The projection exposure approach characterized by 
asking for the correspondence relation between the system of coordinates on said mask, and the 
system of coordinates on said stage from each amount of location gaps of said two or more marks for 
measurement and said two or more reference marks. 

[Claim 2] Illuminate the lighting field of a predetermined configuration by the illumination light, and 
the pattern image on the mask in the lighting field of said predetermined configuration is exposed to 
the substrate on a stage through projection optics. By scanning said mask and said substrate 
synchronously relatively to the lighting field of said predetermined configuration In the approach of 
exposing the pattern image of an area larger than the lighting field of said predetermined 
configuration on said mask on said substrate The alignment system of the off-axis method for 
detecting the location of the mark for positioning on said substrate near said projection optics is 
arranged. Two or more marks for measurement are formed towards said relative scan on said mask. 
The reference mark member in which the 1st and 2nd reference marks were formed at spacing 
corresponding to spacing of the reference point in the exposure field of said projection optics and the 
reference point of the alignment system of said off-axis method is arranged on said stage. Where said 
2nd reference mark on said criteria member is observed by the alignment system of said off-axis 
method Move said mask towards said relative scan, and sequential measurement of the amount of 
location gaps of one mark for measurement in two or more marks for measurement on said mask and 
said 1st reference mark on said stage is carried out. From the amount of location gaps of said 2nd 
reference mark observed by the average of each amount of location gaps of said two or more marks 
for measurement and said 1st reference mark, and the alignment system of said off-axis method The 
projection exposure approach characterized by asking for spacing of the reference point in the 
exposure field of said projection optics, and the reference point of the alignment system of said off- 
axis method. 

[Claim 3] While making it correspond to two or more marks for measurement on said mask and 
forming two or more said 1st reference mark on said reference mark member Two or more said 2nd 
reference mark is formed from these two or more 1st reference marks at spacing corresponding to 
spacing of the reference point in the exposure field of said projection optics, and the reference point 
of the alignment system of said off-axis method, respectively. Said mask and said stage are moved 
synchronizing with the direction of said relative scan. While carrying out sequential measurement of 
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the amount of location gaps of one mark for measurement in two or more marks for measurement on 
said mask, and said 1st reference mark to which it corresponds on said stage The reference mark to 
which it corresponds of said two or more 2nd reference marks by the alignment system of said off- 
axis method is observed. From the average of the amount of location gaps of two or more of said 2nd 
reference marks observed by the average of each amount of location gaps of said two or more marks 
for measurement and said two or more 1st reference marks, and the alignment system of said off-axis 
method The projection exposure approach according to claim 2 characterized by asking for spacing 
of the reference point in the exposure field of said projection optics, and the reference point of the 
alignment system of said off-axis method. 

[Claim 4] Illuminate the lighting field of a predetermined configuration by the illumination light, and 
the pattern image on the mask in the lighting field of said predetermined configuration is exposed to 
the substrate on a stage through projection optics. By scanning said mask and said substrate 
synchronously relatively to the lighting field of said predetermined configuration In the approach of 
exposing the pattern image of an area larger than the lighting field of said predetermined 
configuration on said mask on said substrate Two or more marks for measurement are formed 
towards said relative scan on said mask. The reference mark member by which two or more 
reference marks were formed in these two or more marks for measurement and a location [****/ 
almost ] is arranged on said stage. Said mask and said substrate are moved synchronizing with the 
direction of said relative scan. Sequential measurement of the amount of location gaps of one mark 
for measurement in two or more marks for measurement on said mask and the reference mark to 
which it corresponds on said stage is carried out. The 1st process which calculates each amount of 
location gaps of said mark for measurement and said reference mark; The amount of location gaps of 
one mark for measurement predetermined [ of two or more marks for measurement on said mask ] 
and the reference mark to which it corresponds on said stage is measured only once. The 2nd process 
which calculates the amount of location gaps of said mark for measurement and said reference mark; 
One of said 1st process and said 2nd process is chosen. The projection exposure approach 
characterized by having the 3rd process which asks for the correspondence relation between the 
system of coordinates on said mask, and the system of coordinates on said stage based on each 
amount of location gaps of the mark for [ with which it asked at the selected process ] said 
measurement, and said reference mark, and;. 

[Claim 5] Illuminate the lighting field of a predetermined configuration by the illumination light, and 
the pattern image on the mask in the lighting field of said predetermined configuration is exposed to 
the substrate on a stage through projection optics. By scanning said mask and said substrate 
synchronously relatively to the lighting field of said predetermined configuration In the approach of 
exposing the pattern image of an area larger than the lighting field of said predetermined 
configuration on said mask on said substrate The alignment system of the off-axis method for 
detecting the location of the mark for positioning on said substrate near said projection optics is 
arranged. Two or more marks for measurement are formed towards said relative scan on said mask. 
The reference mark member by which two or more reference marks were formed in these two or 
more marks for measurement and a location [ **** / almost ] is arranged on said stage. These two or 
more reference marks consist of the 1st and 2nd reference marks arranged at spacing corresponding 
to spacing of the reference point of said projection optics, and the reference point of the alignment 
system of said off-axis method. Where said 2nd reference mark on said reference mark member is 
observed by the alignment system of said off-axis method Said mask is moved towards said relative 
scan. The 1st process which carries out sequential measurement of the amount of location gaps of 
one mark for measurement in two or more marks for measurement on said mask, and said 1st 
reference mark; where said 2nd reference mark on said reference mark member is observed by the 
alignment system of said off-axis method The 2nd process which measures the amount of location 
gaps of one predetermined mark for measurement in two or more marks for measurement on said 
mask, and said 1st reference mark; It is as a result of [ in the 3rd process which chooses one of said 
1st process and said 2nd process, and the process chosen at the; this 3rd process ] measurement. 
From each amount of location gaps of said mark for measurement and said reference mark, and the 
amount of location gaps of said 2nd reference mark observed by the alignment system of said off- 
axis method The projection exposure approach characterized by having the 4th process which asks 
for spacing of the correspondence relation between the system of coordinates on said mask, and the 
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system of coordinates on said stage, and the reference point in the exposure field of said projection 
optics and the reference point of the alignment system of said off-axis method, and;. 
[Claim 6] Illuminate the lighting field of a predetermined configuration by the illumination light, and 
the pattern image on the mask in the lighting field of said predetermined configuration is exposed to 
the substrate on a stage through projection optics. By scanning said mask and said substrate 
synchronously relatively to the lighting field of said predetermined configuration In the approach of 
exposing the pattern image of an area larger than the lighting field of said predetermined 
configuration on said mask on said substrate The alignment system of the off- axis method for 
detecting the location of the mark for positioning on said substrate near said projection optics is 
arranged. Two or more marks for measurement are formed towards said relative scan on said mask. 
The reference mark member by which two or more reference marks were formed in these two or 
more marks for measurement and a location [ **** / almost ] is arranged on said stage. These two or 
more reference marks consist of the 1st and 2nd reference marks formed at spacing corresponding to 
spacing of the reference point of said projection optics, and the reference point of the alignment 
system of said off-axis method. Whenever it carries out predetermined number-of-sheets exchange 
of said substrate, where said 2nd reference mark on said reference mark member is observed by the 
alignment system of said off-axis method The amount of location gaps of one predetermined mark 
for measurement in two or more marks for measurement on said mask and said 1st corresponding 
reference mark is measured. From the measured this amount of location gaps, and the amount of 
location gaps of said 2nd reference mark observed by the alignment system of said off-axis method, 
the correspondence relation between the system of coordinates on said mask, and the system of 
coordinates on said stage, The projection exposure approach characterized by asking for spacing of 
the reference point in the exposure field of said projection optics, and the reference point of the 
alignment system of said off-axis method. 



[Translation done.] 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is applied to the projection aligner of for example, a slit scan 

exposure method, and relates to the suitable projection exposure approach. 

[0002] 

[Description of the Prior Art] In case a semiconductor device, a liquid crystal display component, or 
the thin film magnetic head is manufactured at a photolithography process, the projection aligner 
which imprints a photo mask or the pattern of a reticle (it is hereafter named a "reticle" generically) 
on the substrates (a wafer, glass plate, etc.) with which it was applied to sensitization material is 
used. As a conventional projection aligner, each shot field of a wafer was moved into the exposure 
field of projection optics one by one, and many contraction projection mold aligners (stepper) of the 
step-and-repeat method of exposing the pattern image of a reticle one by one to each shot field were 
used. 

[0003] Drawing 18 shows the conventional stepper's important section, a wafer 5 is laid on the wafer 
stage 4 in this drawing 18 , and the reference mark plate 57 is being fixed on the wafer stage 4 near 
this wafer 5. And projection exposure of the image of the pattern on a reticle 12 is carried out to each 
shot field on a wafer 5 through projection optics 8 under the exposure light from the illumination- 
light study system by which the illustration abbreviation was carried out. Under the present 
circumstances, since the wafer stage 4 is driven along with wafer system of coordinates, it is 
necessary to measure the angle of rotation over the location on the wafer system of coordinates of a 
reticle 12, and the wafer system of coordinates of a reticle 12. Therefore, two alignment marks 
(reticle mark) 60R and 61R are formed so that it may counter near the pattern space of a reticle 12, 
and on the reference mark plate 57, two reference marks 60F and 6 IF are formed at spacing equal to 
spacing on the design on the wafer 5 of these reticle marks 60R and 61R. 

[0004] Moreover, on the reticle marks 60R and 61R of a reticle 12, the reticle alignment microscopes 
58 and 59 are arranged, respectively. The reticle alignment microscopes 58 and 59 are equipped with 
the sensor which can observe to coincidence the source of the illumination light which injects the 
alignment light of the same wavelength as exposure light, respectively, the reticle mark on a reticle 
12, the alignment mark on a wafer 5 (wafer mark), or the reference mark on the reference mark plate 
57. In case exposure to a wafer 5 is performed by the stepper of drawing 18 , the image of the pattern 
on a reticle 12 is exposed by each shot field of a wafer 5, respectively by moving by the step-and- 
repeat method one by one only on the wafer stage 4. 

[0005] In this stepper, in exposing the pattern image of a reticle 12 further on the circuit pattern on 
the wafer 5 formed at the last process, there is the need of taking correspondence with the wafer 
system of coordinates which specify the coordinate of each shot field on a wafer 5, and the reticle 
system of coordinates which specify the coordinate of the pattern on a reticle 12 (that is, alignment 
being performed). In the case of the stepper, the one-shot area size on the exposure field of 
projection optics 8 and a wafer 5 was equal, since it was not necessary to drive a reticle 12 in case it 
exposes, it is the following, and correspondence of wafer system of coordinates and reticle system of 
coordinates had been made and taken. 

[0006] That is, after driving the wafer stage 4 and moving the reference mark plate 57 into the 
exposure field of projection optics 8, one reticle alignment microscope 58 detected the amount of 
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location gaps of reticle mark 60R and reference mark 60F, under the reticle alignment microscope 59 
of another side, the amount of location gaps of reticle mark 61R and reference mark 6 IF was 
detected, and the location of the pattern of the reticle 12 on wafer system of coordinates was 
calculated from the amount of these locations gaps. Furthermore, the angle of rotation of the reticle 
12 on wafer system of coordinates was measured by moving reference mark 60F to the location of 
reference mark 6 IF, and detecting the amount of location gaps of reticle mark 61R and reference 
mark 60F under the reticle alignment microscope 59. And finally matching with wafer system of 
coordinates and reticle system of coordinates was performed by rotating a reticle 12 or the wafer 
stage 4, and amending the angle of rotation. 

[0007] Moreover, in drawing 18 , in order to detect the location of each alignment mark (wafer 
mark) formed corresponding to each shot field on a wafer 5, the alignment microscope 34 of an off- 
axis method is formed in the lateral portion of projection optics 8. In this case, based on the location 
of the wafer mark detected under this alignment microscope 34, the shot field on the corresponding 
wafer 5 is set up in the exposure field of projection optics 8. Therefore, it is necessary to calculate 
the so-called amount of base lines which is spacing of the reference point in the exposure field of 
projection optics 8 (for example, exposure core), and the reference point 62 of the observation field 
of the alignment microscope 34 of an off-axis method beforehand. 

[0008] In the conventional stepper, when measuring such an amount of base lines, after measuring 
the amount of location gaps with the conjugate image of the reticle marks 60R and 61R and 
reference marks 60F and 6 IF, only the amount equal to the design value of the amount of base lines 
moved the wafer stage 4, and was measuring the amount of location gaps with the reference mark to 
which it corresponds on the reference point 62 and reference mark plate 57 under the alignment 
microscope 34. The amount of base lines was calculated from those amounts of location gaps. 
[0009] 

[Problem(s) to be Solved by the Invention] Since the pattern has made it detailed in a semiconductor 
device etc. in recent years, heightening the resolution of projection optics is called for. Although 
there is technique, such as short- wavelength-izing of the wavelength of exposure light or increase of 
the numerical aperture of projection optics, among the technique for heightening resolution, if it is 
going to secure the exposure field of same extent as the conventional example even when using 
which technique, it will become difficult to maintain image formation engine performance 
(distortion, curvature of field, etc.) for a predetermined precision all over the exposure field. Then, 
the so-called projection aligner of a slit scan exposure method is improved now. 
[0010] In the projection aligner of this slit scan exposure method, the pattern of that reticle is 
exposed on a wafer, synchronizing relatively and scanning a reticle and a wafer to the shape of a 
rectangle, and the lighting field (henceforth a "slit-like lighting field") of circular **. Therefore, if 
the pattern of the same area as a stepper method is exposed on a wafer, by the slit scan exposure 
method, compared with a stepper method, the exposure field of projection optics can be made small, 
and the precision of the image formation engine performance in the exposure field may improve. 
[001 1] Although the mainstream of the magnitude of the conventional reticle was 6 inch size and the 
mainstream of the projection scale factor of projection optics was 1/5 time, the magnitude of the 
reticle in a basis 1/5 time the scale factor of this has stopped moreover, 6 inch size being of use with 
large area-ization of circuit patterns, such as a semiconductor device. Therefore, it is necessary to 
design the projection aligner which changed the projection scale factor of projection optics 1/4 time. 
And also in order to respond to large area-ization of such a transferred pattern, a slit scan exposure 
method is advantageous. 

[0012] In the projection aligner of this slit scan exposure method, when the technique of matching 
with the reticle system of coordinates and wafer system of coordinates which were used by the 
conventional stepper is applied, since the projection scale factor increased 1/4 time, there is un- 
arranging [ that alignment precision deteriorates according to the drawing error of the circuit pattern 
on a reticle ]. Furthermore, in Japanese Patent Application No. No. 169781 [ three to ], the technique 
which resembles measuring the amount of location gaps of two or more marks for measurement to 
coincidence, and measures the angle of rotation of a reticle more is proposed, without moving a 
wafer stage in a stepper. However, the concept of measurement of the angle of rotation by 
coincidence measurement of two or more of these marks for measurement could not be used for the 
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scanning direction of the projection aligner of a slit scan exposure method, but there was un- 
arranging [ that the angle of rotation of reticle system of coordinates and wafer system of coordinates 
and coordinate perpendicularity of these system of coordinates could not measure with a sufficient 
precision ] in it. 

[0013] Moreover, by having applied the measurement approach using one mark (two pieces) on the 
reticle in the conventional stepper to the projection aligner of a slit scan exposure method as it was, 
there is un-arranging [ of being greatly influenced of the drawing error of a reticle ] about the 
measurement approach of the amount of base lines which is spacing of the criteria location in the 
exposure field of projection optics, and the criteria location of the alignment system of an off-axis 
method. 

[0014] In view of this point, in the projection aligner of a slit scan exposure method, this invention 
reduces the effect of the drawing error of the pattern on a reticle (mask), and aims at offering the 
projection exposure approach that matching with reticle system of coordinates (mask system of 
coordinates) and wafer system of coordinates (substrate system of coordinates) can be performed 
correctly. Depending on [ accuracy / of the matching ] a process, quick nature may be thought as 
important about this. Then, this invention aims at offering the projection exposure approach of 
performing matching with reticle system of coordinates (mask system of coordinates) and wafer 
system of coordinates (substrate system of coordinates) by the high throughput. 
[0015] Furthermore, in the projection aligner of a slit scan exposure method, this invention reduces 
the effect of the drawing error of the pattern on a reticle (mask), and aims also at offering the 
projection exposure approach which can measure the amount of base lines which is spacing of the 
origin/datum of the exposure field of projection optics, and the origin/datum of the alignment system 
of an off-axis method with high precision. 

[0016] Moreover, whenever it exchanges the wafer of predetermined number of sheets, when 
performing base-line measurement, for example, while greater importance may be attached than to 
correctness to quick nature, it is desirable to perform matching with reticle system of coordinates 
(mask system of coordinates) and wafer system of coordinates (substrate system of coordinates) to 
coincidence. Then, in case this invention measures the amount of base lines for every predetermined 
wafer turnover rate, it aims at offering the projection exposure approach of performing matching 
with reticle system of coordinates (mask system of coordinates) and wafer system of coordinates 
(substrate system of coordinates), and its base-line measurement by the high throughput. 
[0017] 

[Means for Solving the Problem] The 1st projection exposure approach by this invention illuminates 
the lighting field of a predetermined configuration by the illumination light. The pattern image on the 
mask in the lighting field of said predetermined configuration (12) is exposed to the substrate (5) on 
a stage (4) through projection optics (8). By scanning a mask (12) and a substrate (5) synchronously 
relatively to the lighting field of the predetermined configuration In the approach of exposing the 
pattern image of an area larger than the lighting field of the predetermined configuration on a mask 
(12) on a substrate (5) Two or more marks for measurement (29A-29D) are formed towards the 
relative scan on a mask (12). The reference mark member (6) by which two or more reference marks 
(35A-35D) were formed in the mark for measurement of these plurality and the location [ **** / 
almost ] is arranged on a stage (4). A mask (12) and a substrate (5) are moved synchronizing with the 
direction of the relative scan. Sequential measurement of the amount of location gaps with the 
reference mark (35 A, 35B, ..) to which it corresponds on one mark for measurement in a mark (29A, 
29B, ....) and stage (4) for measurement of the plurality on a mask (12) is carried out. It asks for the 
correspondence relation between the system of coordinates on a mask (12), and the system of 
coordinates on a stage (4) from each amount of location gaps of the mark for measurement of these 
plurality, and the reference mark of these plurality. 

[0018] Moreover, the 2nd projection exposure approach by this invention is set in the same premise 
section as above-mentioned invention. The alignment system (34) of the off-axis method for 
detecting the location of the mark for positioning on a substrate (5) near the projection optics (8) is 
arranged. Two or more marks for measurement (29A-29D) are formed towards the relative scan on a 
mask (12). The reference mark member (6) in which the 1st reference mark (3 5 A) and 2nd reference 
mark (37A) were formed at spacing corresponding to spacing of the reference point in the exposure 
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field of projection optics (8) and the reference point of the alignment system (34) of an off-axis 
method is arranged on a stage (4). 

[0019] And where the 2nd reference mark (3 7 A) on a criteria member (6) is observed by the 
alignment system (34) of an off-axis method Move a mask (12) towards said relative scan, and 
sequential measurement of the amount of location gaps with the 1st reference mark (3 5 A) on one 
mark for measurement in a mark (2 9 A, 29B, ....) and stage (4) for measurement of the plurality on a 
mask (12) is carried out. From the amount of location gaps of the 2nd reference mark observed by 
the average of each amount of location gaps of the mark for measurement of these plurality, and 
these 1st reference marks, and the alignment system (34) of an off-axis method It asks for spacing of 
the reference point in the exposure field of projection optics (8), and the reference point of the 
alignment system (34) of an off-axis method. 

[0020] Moreover, the 3rd projection exposure approach of this invention is set to the 2nd projection 
exposure approach. While making two or more marks for measurement (29A-29D) on a mask (12) 
correspond on a reference mark member (6) and forming two or more (35A-35D) the 1st reference 
mark Two or more (37A-37D) the 2nd reference mark is formed [ from the 1st reference mark (35 A- 
35D) of these plurality ] at spacing corresponding to spacing of the reference point in the exposure 
field of projection optics (8), and the reference point of the alignment system (34) of an off-axis 
method, respectively. A mask (12) and a stage (4) are moved synchronizing with the direction of the 
relative scan. While carrying out sequential measurement of the amount of location gaps with the 1st 
reference mark (35A, 35B, ..) to which it corresponds on one mark for measurement in a mark (29A, 
29B, ....) and stage (4) for measurement of the plurality on a mask (12) The reference mark (37A, 
37B, ....) to which it corresponds of two or more 2nd reference marks by the alignment system (34) 
of an off-axis method is observed. From the average of the amount of location gaps of the 2nd 
reference mark of these plurality observed by the average of each amount of location gaps of the 
mark for measurement of these plurality, and the 1st reference mark of these plurality, and the 
alignment system (34) of an off-axis method It asks for spacing of the reference point in the 
exposure field of projection optics (8), and the reference point of the alignment system (34) of an 
off-axis method. 

[0021] Next, the 4th projection exposure approach of this invention is set in the same premise 
section as above-mentioned invention. Like the 1st above-mentioned projection exposure approach 
A mask (12) Two or more upper marks for measurement (29 A, 29B, — ), and a corresponding 
reference mark The 1st process which calculates each amount of location gaps with (35A, 35B, — ); 
The amount of location gaps of one mark for measurement predetermined [ of two or more marks for 
measurement on the mask ] (29A) and the reference mark (3 5 A) to which it corresponds on the stage 
is measured only once. The 2nd process which calculates the amount of location gaps of the mark for 
measurement (29 A), and a reference mark (3 5 A) in simple; One of the 1st process and its 2nd 
process is chosen. It has the 3rd process and; which ask for the correspondence relation between the 
system of coordinates on a mask (12), and the system of coordinates on a stage (4) based on each 
amount of location gaps of the mark for [ with which it asked at this selected process ] that 
measurement, and its reference mark. 

[0022] Moreover, the 5th projection exposure approach of this invention is set in the same premise 
section as above-mentioned invention. Like the 2nd above-mentioned projection exposure approach, 
where the 2nd reference mark (37A, 37B, — ) on a reference mark member (6) is observed by the 
alignment system of an off-axis method A mask (12) is moved towards the relative scan. A mask 
(12) Two or more upper marks for measurement Where the 2nd reference mark (3 7 A) on a reference 
mark member (6) is observed by the alignment system of the 1st process and; off-axis method which 
carries out sequential measurement of the amount of location gaps of one mark for measurement in 
(29A, 29B, — ), and the 1st reference mark (35A, 35B, — ) A mask ; (12) — the 2nd process which 
measures the amount of location gaps of one predetermined mark for measurement in two or more 
upper marks for measurement (29A), and the 1st reference mark (35 A) in simple, and; — with the 3rd 
process which chooses one of these 1st processes and the 2nd process The amount of location gaps 
of the mark for [ which it is as a result of / in the process chosen at this 3rd process / measurement ] 
that measurement, and its reference mark, From the amount of location gaps of the 2nd reference 
mark observed by the alignment system of the off-axis method, and the correspondence relation 
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between the system of coordinates on the mask, and the system of coordinates on the stage, It has the 
4th process and; which ask for spacing (the amount of base lines) of the origin/datum in the exposure 
field of the projection optics, and the origin/datum of the alignment system of the off- axis method. 
[0023] Moreover, the 6th projection exposure approach of this invention is set in the same premise 
section as above-mentioned invention. The alignment system (34) of the off-axis method for 
detecting the location of the mark for positioning on a substrate (5) near the projection optics (8) is 
arranged. Two or more marks for measurement (29A, 29B, — ) are formed towards the relative scan 
on a mask (12). The reference mark member (6) by which two or more reference marks were formed 
in the mark for measurement of these plurality and the location [****/ almost ] is arranged on a 
stage (4). Whenever the reference mark of these plurality consists of the 1st (A [ 35 ],B [ 35 ], — ) and 
2nd (A [ 37 ],B [ 37 ], — ) reference marks formed at spacing corresponding to spacing of the 
reference point of the projection optics, and the reference point of the alignment system of the off- 
axis method and it carries out predetermined number-of-sheets exchange of the substrate (5) Where 
the 2nd reference mark (3 7 A) on a reference mark member (6) is observed by the alignment system 
of the off-axis method The amount of location gaps of one predetermined mark for measurement 
(29 A) in two or more marks for measurement on a mask (12) and the 1st corresponding reference 
mark (35 A) is measured. From the measured amount of location gaps, and the amount of location 
gaps of the 2nd reference mark (37A) observed by the alignment system of the off-axis method, thus, 
the correspondence relation between the system of coordinates on the mask, and the system of 
coordinates on the stage, It asks for spacing (the amount of base lines) of the origin/datum in the 
exposure field of the projection optics, and the origin/datum of the alignment system of the off-axis 
method. 
[0024] 

[Function] In the 1st projection exposure approach of this this invention, two or more marks for 
measurement are arranged on a mask (12), those marks for measurement and a reference mark 
[ **** / almost ] are arranged on a reference mark member (6), and a location gap of each mark is 
measured with delivery by the stepping method in a mask (12) and a stage (4), And finally according 
to the location gap called for in each location, the effect of the drawing error of the mark for 
measurement on a mask (12) can be small suppressed by asking for the parameter (offset of a scale 
factor, the scaling of a scanning direction, rotation, the parallelism of a scanning direction, the 
direction of X, and the direction of Y) which matches mask system of coordinates and substrate 
system of coordinates by the least squares approximation etc. Moreover, since mark measurement of 
the direction of a relative scan is performed separately one by one, it turns into non-coincidence 
measurement, but since it measures by two or more places, it has the equalization effectiveness and 
the high precision measurement of it is attained. 

[0025] Moreover, according to the 2nd projection exposure approach, by equalizing the 
measurement result about two or more marks for measurement by the side of a mask (12), effect of 
the drawing error of the mark for measurement of a mask (12) is made small, and the amount of base 
lines which is spacing of the origin/datum of projection optics (8) and the origin/datum of an 
alignment system (34) can be measured correctly. Moreover, while according to the 3rd projection 
exposure approach making two or more marks for measurement (29A-29D) on a mask (12) 
correspond on a reference mark member (6) and forming two or more (35A-35D) the 1st reference 
mark Since two or more (37A-37D) the 2nd reference mark is formed [ from the 1st reference mark 
(35A-35D) of these plurality ] at spacing corresponding to spacing of the reference point in the 
exposure field of projection optics (8), and the reference point of the alignment system (34) of an 
off-axis method, respectively, Since equalization is performed also for a reference mark side, the 
amount of base lines is measured more by accuracy. 

[0026] Next, according to the 4th projection exposure approach of this invention, when the 2nd 
process is chosen, the amount of location gaps of the mark for measurement (29 A) and a reference 
mark (3 5 A) is measured only once, when a high throughput is required, and high degree of accuracy 
is required, the demand to quick nature can also be filled by performing the 1st process. In this case, 
in the 1st process, when it memorizes in quest of the amount of location gaps (this is called a "mark 
error") from the original location of the mark for measurement (29A) further beforehand and the 2nd 
process is performed, the demand of both high throughputs and high degree of accuracy can be met 



http ://www4 . ipdl . ncipi . go j p/cgi-bin/tranjweb_cgi_ejj e 



8/16/2006 



JP,07- 176468 ,A [DETAILED DESCRIPTION] 



Page 6 of 21 



by amending that mark error. 

[0027] Similarly, when a high throughput is required according to the 5th projection exposure 
approach Where it chose the 2nd process and the 2nd reference mark (3 7 A) is observed by the 
alignment system (34) When the amount of location gaps of one mark for measurement (29A) and 
the 1st reference mark (35 A) is measured only once and high degree of accuracy is required, the 
demand to quick nature can also be filled by performing the 1st process. In this case, in the 1st 
process, when it memorizes in quest of the mark error further beforehand and the 2nd process is 
performed, the demand of both high throughputs and high degree of accuracy can be met by 
amending that mark error. 

[0028] Moreover, whenever it carries out predetermined number-of-sheets exchange of the substrate 
(5) according to the 6th projection exposure approach (i.e., whenever it exposes to the substrate (5) 
of predetermined number of sheets), where the 2nd reference mark (3 7 A) is observed by the 
alignment system (34) of an off-axis method The amount of location gaps of one mark for 
measurement (2 9 A) and the 1st reference mark (3 5 A) is measured only once, and the 
correspondence relation and the amount of base lines of the system of coordinates on a mask and the 
system of coordinates on a stage are calculated from this measurement result. Therefore, 
measurement is performed by the high throughput. 
[0029] 

[Example] Hereafter, with reference to a drawing, it explains per 1st example of the projection 
exposure approach by this invention. This example applies this invention, when exposing the pattern 
of a reticle on a wafer with the projection aligner of a slit scan exposure method. Drawing 1 shows 
the projection aligner of this example, the pattern on a reticle 12 is illuminated by the lighting field 
(henceforth a "slit-like lighting field") of the rectangle by the exposure light EL from the 
illumination-light study system by which the illustration abbreviation was carried out in this drawing 
1 , and projection exposure of the image of that pattern is carried out on a wafer 5 through projection 
optics 8. In this case, synchronizing with a reticle 12 being scanned with constant speed V forward to 
the space of drawing 1 , a wafer 5 is scanned backward to the space of drawing 1 to the lighting field 
of the shape of a slit of the exposure light EL by constant speed V7M (1/M is the contraction scale 
factor of projection optics 8). 

[0030] The reticle Y drive stage 10 which can be freely driven to Y shaft orientations (direction 
perpendicular to the space of drawing 1 ) on the reticle susceptor 9 is laid by explaining the drive 
system of a reticle 12 and a wafer 5, the reticle minute drive stage 1 1 is laid on this reticle Y drive 
stage 10, and the reticle 12 is held by the vacuum chuck etc. on the reticle minute drive stage 1 1. As 
for the reticle minute drive stage 11, only a minute amount performs position control of a reticle 12 
to the direction of X parallel to space, the direction of Y, and hand of cut (the direction of theta) of 
drawing 1 with high precision in a field perpendicular to the optical axis of projection optics 8, 
respectively. It always acts as the monitor of the location of the direction of X of the reticle minute 
drive stage 1 1, the direction of Y, and the direction of theta with the interferometer 14 which the 
migration mirror 21 has been arranged on the reticle minute drive stage 11, and has been arranged on 
the reticle susceptor 9. The positional information SI acquired by the interferometer 14 is supplied to 
main control system 22A. 

[0031] On the other hand on the wafer susceptor 1, the wafer Y-axis drive stage 2 which can be 
freely driven to Y shaft orientations is laid, the wafer X-axis drive stage 3 which can be freely driven 
to X shaft orientations is laid on it, Ztheta shaft drive stage 4 is formed on it, and the wafer 5 is held 
by vacuum adsorption on this Ztheta shaft drive stage 4. The migration mirror 7 is fixed also on 
Ztheta shaft drive stage 4, it acts as the monitor of the location of the direction of X of Ztheta shaft 
drive stage 4, the direction of Y, and the direction of theta with the interferometer 13 arranged 
outside, and the positional information acquired by the interferometer 13 is also supplied to main 
control system 22A. Main control system 22A controls actuation of the whole equipment while 
controlling positioning actuation of the wafer Y-axis drive stage 2, the wafer X-axis drive stage 3, 
and Ztheta shaft drive stage 4 through wafer driving gear 22B etc. 

[0032] Moreover, although mentioned later, in order to take correspondence of the wafer system of 
coordinates specified by the coordinate measured by the interferometer 13 by the side of a wafer, and 
the reticle system of coordinates specified by the coordinate measured by the interferometer 14 by 
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the side of a reticle, the reference mark plate 6 is being fixed near the wafer 5 on Ztheta shaft drive 
stage 4. On this reference mark plate 6, various reference marks are formed like the after-mentioned. 
The reference mark currently illuminated from the background by the illumination light led to Ztheta 
shaft drive stage 4 side, i.e., a luminescent reference mark, is in these reference marks. 
[0033] The reticle alignment microscopes 19 and 20 for observing the reference mark on the 
reference mark plate 6 and the mark on a reticle 12 to coincidence are equipped above the reticle 12 
of this example. In this case, if the deviation mirrors 15 and 16 for leading the detection light from a 
reticle 12 to the reticle alignment microscopes 19 and 20, respectively are arranged free [ migration ] 
and an exposure sequence is started, the deviation mirrors 15 and 16 will be evacuated by the mirror 
driving gears 17 and 18 under the command from main control system 22 A, respectively. 
Furthermore, the alignment equipment 34 of the off-axis method for observing the alignment mark 
on a wafer 5 (wafer mark) to the lateral portion of the direction of Y of projection optics 8 is 
arranged. 

[0034] Moreover, keyboard 22C for inputting the command from an operator is connected to main 
control system 22A. There is quick mode for measuring the amount of base lines etc. in simple like 
the after-mentioned other than the mode which measures with high precision in the projection aligner 
of this example, and the mode which an operator performs to main control system 22 A through 
keyboard 22C after this directs the high precision mode or quick mode. 

[0035] Next, in the projection aligner of this example, it explains with reference to the flow chart of 
drawing 2 per sequence after loading a wafer 5 and a reticle 12 until it ends alignment. In step 101 of 
drawing 2 , PUIUARAIMENTO of a reticle 12 is first performed on appearance criteria on a reticle 
loader (after-mentioned). Drawing 3 shows the reticle loader system for conveying a reticle 12 on the 
reticle minute drive stage 1 1 of drawing 1 , and the reticle loader of this drawing 3 consists of two 
reticle arms 23A and 23B, an arm revolving shaft 25 connected with these reticle arms 23A and 23B, 
and a rolling mechanism 26 which rotates this arm revolving shaft 25. The slots 24A and 24B for 
vacuum adsorption are formed in the reticle installation side of the reticle arms 23A and 23B, 
respectively, and the reticle arms 23 A and 23B are supported so that it can rotate independently 
through the arm revolving shaft 25, respectively. 

[0036] At the time of loading of a reticle 12, a reticle 12 is received and passed on reticle arm 23A 
from other reticle conveyance devices (un-illustrating) by location A3. In this case, reticle arm 23B 
of another side is used for taking out of the reticle used for example, at the last process. Next, after 
alignment of the reticle 12 is carried out to a fixed precision on appearance criteria on reticle arm 
23 A by the reticle appearance PURIA^RAIMENTO device (un-illustrating) installed near location 
A3, vacuum adsorption of the reticle 12 is carried out on reticle arm 23 A by it. Next, in step 102 of 
drawing 2 , a rolling mechanism 26 rotates reticle arm 23 A through the arm revolving shaft 25, and 
moves a reticle 12 to the location B3 of the direction (position in readiness of the reticle drive stage 
10 of drawing 1 (delivery location)) of Y. 

[0037] At this time, slot 24A for vacuum adsorption is the direction which intersected 
perpendicularly with the adsorption location on the reticle minute drive stage 11, and it is in the 
condition which moved to the tip of the direction of y whose reticle minute drive stage 1 1 is a 
scanning direction since it was in the location besides the pattern space of a reticle 12, and reticle 
arm 23 A can take a reticle 12 now in and out of on the reticle minute drive stage 1 1 freely. If a 
reticle 12 reaches on the reticle minute drive stage 1 1 (refer to drawing 1 ), it will fall in - Z 
direction, a reticle 12 will be laid in the vacuum adsorption side on the reticle minute drive stage 11, 
and reticle arm 23 A will evacuate the arm revolving shaft 25 after the completion of delivery of a 
reticle 12. Then, the reticle minute drive stage 1 1 conveys a reticle 12 in the location C3 direction, 
and goes to it. In this case, the reticle arms 23 A and 23B are that drive independently, for example, 
each performs a reticle load and a reticle unload to coincidence, and the reticle rate of exchange is 
improving. 

[0038] Next, although alignment of a reticle 12 is performed at 103 or less step of drawing 2 , it 
explains per the device for it, and actuation. Drawing 4 (a) shows arrangement of the alignment mark 
on a reticle 12 (reticle mark), and drawing 4 (b) shows the slit-like lighting ****** 32 grade within 
the effective exposure field of projection optics, and field 33R [ **** ] on a reticle. A direction 
perpendicular to the direction of y is made into x directions by making a scanning direction into the 
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direction of y. In drawing 4 (a), the reticle mark which the protection-from-light section 3 1 is formed 
in the perimeter of the pattern space of the center section on a reticle 12, and is formed in the outside 
of this protection-from-light section 31 is divided into the fine alignment marks 29A-29D, and 30A- 
30D. [ the alignment marks 27 and 28 for a rough search, and ] The alignment mark 27 for a rough 
search by the side of the right-hand side is formed along the direction of y which is a scanning 
direction from a long straight-line-like pattern and the cross-joint pattern formed in the both ends of 
this straight-line-like pattern, and the alignment mark 28 for a rough search by the side of left part is 
constituted as symmetrically as the alignment mark 27 for a rough search by the side of the right- 
hand side. 

[0039] Moreover, between the protection-from-light section 31 by the side of the right-hand side, 
and one cross-joint pattern of the alignment mark 27 for a rough search, it approaches in the 
direction of y and the fine alignment marks 29A and 29B are formed, between the protection-from- 
light section 31 by the side of the right-hand side, and the cross-joint pattern of another side of the 
alignment mark 27 for a rough search, it approaches in the direction of y and the fine alignment 
marks 29C and 29D are formed. The fine alignment marks 30A-30D are symmetrically formed in the 
left part side with these fine alignment marks 29A-29D. These fine alignment marks 29A-29D, and 
30A-30D In drawing 4 (a), while arranging 2 sets of three straight-lines-like patterns at intervals of 
predetermined in the x directions as shown in drawing 4 (c) in fact, respectively although only 
shown as a cross-joint-like mark, 2 sets of three straight-lines-like patterns are arranged at intervals 
of predetermined in the direction of y. 

[0040] In step 103 of drawing 2 , the reticle alignment microscope (henceforth "RA microscope") 20 
of drawing 1 detects the alignment mark 28 for a rough search by the side of the left part of drawing 
4 (a) first. In case drawing 4 (b) shows the observation fields 19R and 20R on the reticle 12 of the 
RA microscopes 19 and 20 in this case and performs a rough search, the alignment marks 27 and 28 
for a rough search are outsides [ fields / 19R and 20R / observation ], respectively, and it is the 
effective exposure field and outside field 33R [ **** ]. Although this needs to enlarge the alignment 
marks 27 and 28 for a rough search for a rough search, when the exposure field of projection optics 
is enlarged according to it, it is because it is necessary to enlarge the diameter of a projection lens 
and becomes a cost rise. Then, this example explains with reference to drawing 5 per procedure at 
the time of performing a rough search. 

[0041] it is drawing where drawing 5 (a) reduced the enlarged drawing near [ one ] the cross-joint 
pattern of the alignment mark 28 for a rough search, and drawing 5 (b) reduced drawing 5 (a), and 
the square of the RA microscope 20 is effective in this drawing 5 (a) and (b) — the design value of 
the sum of the drawing error of a pattern and installation error over the appearance of a reticle 12 is 
set to deltaR, using width of face of visual field 20Ref as W. Therefore, as shown in drawing 5 (b), 
one cross-joint pattern 28a of the alignment mark 28 for a rough search is surely contained in the 
field of the square of width-of-face deltaR. although the candidate for detection is the x-coordinate 
and y-coordinate of the cross-joint pattern 28a, the width of face W is aslant effective in the direction 
which crosses at 45 degrees to biaxial [ of the alignment mark 28 ] by this example, i.e., a x axis and 
the y-axis, — visual field 20Ref is scanned. And it asks for the x-coordinate and y-coordinate of the 
cross-joint pattern 28a as the x-coordinate and y-coordinate when crossing the alignment mark 28 on 
the occasion of the inclining scan. 

[0042] for that purpose, the width of face W is effective in the field of the square of the width-of- 
face deltaR as what expresses the integer part of the forward real number a with INT (a) — the 
number of search screens which is the minimum count scanned by visual field 20Ref is set to {INT 
(deltaR/W)+l). It asks for this number of search screens beforehand. And to the field of the square 
of the width-of-face deltaR centering on the first effective visual field B5, set up effective visual 
field A5 of the {EMT(deltaRAV)+l} individual of width of face W, B5, C5, and .... aslant, 
respectively, and the reticle minute drive stage 1 1 of drawing 1 is driven. The image within each 
effective visual field is sampled carrying out stepping of each effective visual field, and setting up in 
effective visual field 20Ref of drawing 5 (a) one by one. 

[0043] As shown in drawing 5 (b), at least, cross-joint pattern 28a of the alignment mark 28 for a 
search exists all over the search range of width-of-face delta Rxdelta R, and the alignment mark 28 is 
fully large to the search range. Therefore, if the step feed of the effective visual field is carried out in 
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the direction of slant to this alignment mark 28, it turns out with the minimum number of screens 
that the coordinate of cross-joint pattern 28a of the alignment mark 28 is detectable. The image 
processing at that time is good at the single dimension image processing to the picture signal which 
adds the scanning line of all Rhine in the picturized screen, and is acquired. 

[0044] The various picture signals which drawing 6 added the scanning line of all Rhine such, and 
were acquired are shown. The picture signal which meets in x directions and the direction of y in 
which drawing 6 (a) and (d) are obtained in effective visual field A5 of drawing 5 (b), The picture 
signal which meets in x directions and the direction of y in which drawing 6 (b) and (e) are obtained 
in effective visual field B5 of drawing 5 (b), drawing 6 (c), and (f) are picture signals which meet in 
x directions and the direction of y which are acquired with the effective visual field C5 of drawing 5 
(b). The x-coordinate of cross-joint pattern 28a is called for from the picture signal of drawing 6 (b), 
and the y-coordinate of cross-joint pattern 28a is called for from the picture signal of drawing 6 (f). 
[0045] Thus, after detecting the reticle mark 28 for a search, in step 104 of drawing 2 , the alignment 
mark 27 for a rough search is moved to the observation field of the RA microscope 19, and the 
location of that alignment mark 27 is detected similarly shortly. However, the part which does not 
have the pattern of the reference mark plate 6 of drawing 1 in this case is moved into the exposure 
field of projection optics 8, and the part without that pattern is illuminated from the pars basilaris 
ossis occipitalis. Thus, by the illumination light injected from the reference mark plate 6, the 
alignment marks 27 and 28 for these rough searches are illuminated from a rear- face side. 
[0046] By the above sequence, the location of the alignment marks 27 and 28 for a rough search to 
the observation fields 19R and 20R of the RA microscopes 19 and 20 of drawing 4 (b) and 
correspondence of reticle system of coordinates can be attached roughly. Moreover, rough matching 
with the observation fields 19R and 20R of RA microscope and wafer system of coordinates can be 
performed by measuring the reference mark on the reference mark plate 6 of drawing 1 under the RA 
microscopes 19 and 20. Thereby, the rough alignment (rough alignment) which is extent with which 
the fine alignment marks 29A-29D and 30A-30D, and the reference mark on the reference mark 
plate 6 (after-mentioned) do not lap is completed. 

[0047] However, in this example, in order to make small the diameter of a lens of projection optics 
8, the alignment mark on a reticle 12 is divided into the alignment mark for a rough search, and the 
fine alignment mark, but when the diameter of a lens of projection optics 8 may be enlarged, the 
alignment mark for these rough searches and a fine alignment mark can be carried out to a common 
mark. Even in this case, as shown in drawing 5 , the technique of carrying out a step feed in the 
direction of slant, and searching an alignment mark can be diverted, and can also search an 
alignment mark to coincidence under the RA microscopes 19 and 20. 
[0048] Next, although the sequence of fine alignment is explained, it explains per detailed 
configuration of a wafer stage and a reticle stage before that. Drawing 7 (a) is the top view of a wafer 
stage, and the wafer 5 and the reference mark plate 6 are arranged on Ztheta shaft drive stage 4 in 
this drawing 7 (a). Moreover, on Ztheta shaft drive stage 4, migration mirror 7X for the X-axes and 
migration mirror 7Y for Y-axes are fixed, lighting field 32W of the shape of a slit corresponding to 
the lighting field 32 of the shape of a slit of drawing 4 (b) are illuminated with exposure light on a 
wafer 5, and the observation fields 19W and 20 W are the observation fields 19R and 20R of drawing 
4 (b), and conjugation, respectively. 

[0049] It is parallel to the X-axis, and the laser beam LWX and LWof of spacing IL are irradiated by 
migration mirror 7X in accordance with the optical path which passes along the optical axis of 
projection optics, and the origin/datum of alignment equipment 34, respectively, and two laser beams 
LWY1 and LWY2 of spacing IL are irradiated in accordance with the optical path parallel to a Y- 
axis at migration mirror 7Y. Coordinate value Yl which the coordinate value measured as X 
coordinate of Ztheta shaft drive stage 4 with the interferometer which uses a laser beam LWX was 
used at the time of exposure, and was measured with the interferometer using laser beams LWY1 
and LWY2 as Y coordinate, respectively And Y2 The average (Yl+Y2)/2 are used. Moreover, 
coordinate value Yl Y2 The rotation of the hand of cut (the direction of theta) of Ztheta shaft drive 
stage 4 is measured from difference. Based on those coordinates, the location and angle of rotation of 
XY flat surface of Ztheta shaft drive stage 4 are controlled. 

[0050] Especially the direction of Y that is a scanning direction is using the average of the 
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measurement result of two interferometers, and is easing the error by the air fluctuation at the time of 
a scan etc. according to the equalization effectiveness. Moreover, the location of X shaft orientations 
in the case of using the alignment equipment 34 of an off-axis method is a configuration controlled 
based on the measurement value of the exclusive interferometer which uses a laser beam LWof like 
which the so-called Abbe error does not produce. 

[0051] Drawing 7 (b) is the top view of a reticle stage, in this drawing 7 (b), the reticle minute drive 
stage 1 1 is laid on the reticle Y drive stage 10, and the reticle 12 is held on it. Moreover, two 
migration mirrors 21yl for migration mirror 21x and the y-axes for x axes and 21y2 are fixed to the 
reticle minute drive stage 1 1, a laser beam LRx is irradiated in parallel with a x axis by migration 
mirror 2 lx, and laser beams LRyl and LRy2 are irradiated in parallel with the y-axis by the 
migration mirror 21 yl and 21y2, respectively. 

[0052] The coordinate of the direction of y of the reticle minute drive stage 1 1 is the coordinate 
value yl measured with two interferometers which use laser beams LRyl and LRy2 like a wafer 
stage. And y2 The average (yl+y2)/2 are used. Moreover, the coordinate value measured with the 
interferometer with which a laser beam LRx is used for the coordinate of x directions is used. 
Moreover, coordinate value yl y2 The rotation of the hand of cut (the direction of theta) of the 
reticle minute drive stage 1 1 is measured from difference. 

[0053] In this case, the reflective element of a corner cube mold is used as the migration mirror 21yl 
of the direction of y which is a scanning direction, and 21y2, and the migration mirror 21yl and the 
laser beams LRyl and LRy2 reflected by 21y2 are reflected and returned by the reflective mirrors 39 
and 38, respectively. That is, the interferometer for the reticles is a double pass interferometer, and 
has composition which a location gap of a laser beam does not produce by rotation of the reticle 
minute drive stage 1 1 by this. Moreover, the slit- like lighting field 32 and the observation fields 19R 
and 20R of the RA microscopes 19 and 20 are arranged on the reticle 12 like the wafer stage top. 
And Ztheta shaft drive stage 4 of a reticle 12 and drawing 7 (a) can be observed now only from the 
observation fields 19R and 20R. Thus, although it is the translation which measures the relation 
between a reticle 12 and Ztheta shaft drive stage 4, and raises the alignment precision at the time of 
exposure, and the rotation precision of a reticle 12 and a wafer 5, with reference to drawing 8 and 
drawing 9 , it explains per that approach. 

[0054] Reticle image 12W which drawing 8 (a) projects the reticle 12 of drawing 4 (a) on the 
reference mark plate 6 of drawing 7 (a), and are obtained are shown, and mark image 29AW-29DW 
[****] and mark image 30AW-30DW [****/ the fine alignment marks 30A-30D ] are shown in 
the fine alignment marks 29A-29D of drawing 4 (a) in this drawing 8 (a), each — mark image 
29AW-29DW and 30AW-30DW are configurations which have arranged the three straight-lines-like 
pattern to four sides, as shown in drawing 8 (b), respectively. 

[0055] Drawing 8 (c) shows arrangement of the reference mark on the reference mark plate 6, and 
reference marks 35A-35D, and 36A-36D are formed on the reference mark plate 6 of this drawing 8 
(c), respectively by the almost same arrangement as mark image 29AW-29DW of drawing 8 (a), and 
30AW-30DW. These reference marks are illuminated by the illumination light of the same 
wavelength as exposure light from the rear face of the reference mark plate 6. Moreover, reference 
mark 37A is formed in the location which separated only spacing IL from the middle point of 
reference marks 35 A and 36A on the reference mark plate 6 in the direction of Y which is a scanning 
direction. Spacing IL is equal to the amount of base lines which is spacing of the origin/datum of 
projection optics 8 and the origin/datum of the alignment equipment 34 of an off-axis method in 
drawing 1 . Similarly, reference marks 37B, 37C, and 37D are formed in the location where only 
spacing IL separated from the middle point of reference marks 35B and 36B, the middle point of 
reference marks 35C and 36C, and the middle point of reference marks 35D and 36D in the direction 
of Y, respectively. 

[0056] Consisting of [ and ] straight-line-like patterns of seven line x7 train, as reference marks 35 A- 
35D, and 36A-36D are shown in drawing 8 (d), respectively, these reference marks 35A-35D, and 
36A-36D are magnitude settled in the interior of mark image 29AW-30DW of drawing 8 (b). 
Moreover, reference marks 37A-37D use the lattice point when it corresponds of the grid patterns 
formed in the direction of X, and the direction of Y in the predetermined pitch, as shown in drawing 
8(e). 
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[0057] In this case, first, from the result obtained by measurement of steps 103 and 104 in step 105 
of drawing 2 , the relative physical relationship and the relative angle of rotation of a reticle 12 and 
the RA microscopes 19 and 20 are computed, and the fine alignment marks 29A and 30A of drawing 
4 (a) are moved into observation field 19R of the RA microscopes 19 and 20, and 20R, respectively. 
Then, in step 106, the reference marks 35 A and 36A on the reference mark plate 6 of drawing 8 (c) 
are moved to the observation fields 19R and 20R and the observation fields [ **** ] 19W and 20W 
(refer to drawing 9 ), respectively. Thereby, as shown in drawing 9 (a), mark image 29 AW and 
reference mark 35A can observe to coincidence within observation field 19W, and mark image 
30AW and reference mark 36A can observe to coincidence within observation field 20W. Then, in 
step 107 of drawing 2 , the detecting signal of the reference mark image which corresponds also with 
the alignment equipment 34 of an off-axis method is sampled at the same time it changes into an 
image pick-up signal the image observed under the RA microscopes 19 and 20 and samples it. 
[0058] In drawing 9 (a), reticle image 12W which are the projection image of a reticle 12 are 
projected on the reference mark plate 6. Moreover, as shown in drawing 9 (c), the observation fields 
19W and 20W are located in the location which crosses the optical axis in the exposure field of 
projection optics 8, respectively, and reference mark 37 A is settled in the observation field of the 
alignment equipment 34 of an off-axis method. And if the reticle minute drive stage 1 1 of drawing 7 
(b) moves to the bottom (the direction of -y) like the time of slit scan exposure synchronizing with 
Ztheta shaft drive stage 4 of drawing 7 (a) moving to the bottom (the direction of Y), as shown in 
drawing 9 (b) from the 9th (a), the reference mark plate 6 and reticle image 12W will move in the 
direction of Y together. Since the observation fields 19W and 20 W of the RA microscopes 19 and 20 
and the alignment equipment 34 of an off-axis method are being fixed at this time the mark group (a 
mark image — 30 AW 29 AW) by which the bottom of the observation fields 19W and 20W and 
alignment equipment 34 was given to Sign A Even the mark group (mark image 29DW, 30DW, 
reference marks 35D, 36D, and 37D) to which Sign D was given from reference marks 35A, 36A, 
and 37A moves and goes. 

[0059] First, in the 1st static position of drawing 9 after alignment initiation (a), mark image 29AW 
and reference mark 35 A are under observation field 19W, there are mark image 30AW and reference 
mark 36A in the bottom which is observation field 20W, reference mark 37A is under the alignment 
equipment 34 of an off-axis method, and the mark to which these signs A were given is altogether 
observed by coincidence. After measurement in the 1st static position is completed, reticle image 
12W and the reference mark plate 6 are synchronously moved to the 2nd static position by stepping 
actuation. The mark groups which the mark group which existed in the 1st static position under the 
observation fields 19W and 20W and alignment equipment 34 is a mark group to which Sign A was 
given, and exist in the 2nd static position under the observation fields 19W and 20W and alignment 
equipment 34 are mark groups (mark image 29BP of drawing 8 , reference marks 35B and 37B, etc.) 
to which Sign B was given. 

[0060] By repeating the above sequences with the 3rd static position and the 4th static position 
(condition of drawing 9 (b)), the reference mark on reticle image 12 the mark image of W and the 
reference mark plate 6 It will be measured in order of the mark group to which Sign A was given, the 
mark group to which Sign B was given, the mark group to which Sign C was given, and the mark 
group to which Sign D was given by the RA microscopes 19 and 20 and the alignment equipment 34 
of an off-axis method, respectively. This actuation is actuation of steps 105-110 of drawing 2. Thus, 
in order to express the measurement result searched for intelligibly, a measurement result is shown in 
drawing 10 . 

[0061] In drawing 10 , the vector of the alignment error to mark image 29BW-29DW is similarly 
made into BL-DL from reference marks 35B-35D, respectively by setting to AL the vector of the 
alignment error from reference mark 35 A which amends the measurement result obtained under the 
RA microscope 19 like the after-mentioned, and is called for to mark image 29 AW. Similarly, the 
vector of the alignment error to mark image 30BW-30DW is made into BR-DR from reference 
marks 36B-36D, respectively by setting the vector of the alignment error from reference mark 36A 
to mark image 30 AW to AR. Moreover, the error vector from the reference marks 37A-37D which 
amend the measurement result obtained with the alignment equipment 34 of an off-axis method like 
the after-mentioned, and are called for to the origin/datum of the alignment equipment 34 is made 
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into AO-DO, respectively. 

[0062] And the coordinate value of x directions measured with the interferometer 14 by the side of 
the reticle of drawing 1 when obtaining the error vector AL, AR-DL, and DR, The coordinate value 
obtained using the laser beam LRx of drawing 7 (b), respectively Namely, ReAx-ReDx, The 
coordinate value of the direction of y measured with the interferometer 14 by the side of the reticle 
of drawing 1 when obtaining the error vector AL, AR-DL, and DR, i.e., the coordinate value 
obtained using the laser beams LRyl and LRy2 of drawing 7 (b), is carried out to ReAyl-ReDyl, 
and ReAy2-ReAy2, respectively. Moreover, the coordinate value of the direction of X measured 
with the interferometer 13 by the side of the wafer of drawing 1 when obtaining the error vector AL, 
AR-DL, and DR, The coordinate value obtained using the laser beam LWX of drawing 7 (a), 
respectively Namely, WaAX-WaDX, The coordinate value of the direction of Y measured with the 
interferometer 13 by the side of the wafer of drawing 1 when obtaining the error vector AL, AR-DL, 
and DR, i.e., the coordinate value obtained using the laser beams LWY1 and LWY2 of drawing 7 
(a), is carried out to WaAYl-WaDYl, and WaAY2-WaDY2, respectively. 

[0063] Moreover, the coordinate value of the direction of X acquired with the interferometer only for 
alignment equipment of the off-axis method when obtaining error vector AO-DO, i.e., the coordinate 
value obtained using the laser beam LWOF of drawing 7 (a), is made into WaAOX-WaDOX, 
respectively. In this case, as shown in drawing 7 (a), spacing of the direction of X of the laser beams 
LWY1 and LWY2 by the side of a wafer is IL, and spacing by the side of the wafer of the laser 
beams LRyl and LRy2 by the side of a reticle is RL. 

[0064] Next, in order [, such as the error vector AL of drawing 10 ] to explain per [ for which it 
asks ] way, the configuration of the RA microscope 19 of drawing 1 is explained to a detail. Drawing 
11 shows the RA microscope 19 and this illumination system, and the illumination light EL of the 
same wavelength as exposure light is led to the interior of Ztheta shaft drive stage 4 through the 
optical fiber 44 in this drawing 1 1 from the exterior of Ztheta shaft drive stage 4. Exposure light may 
be relayed by the lens system instead of an optical fiber 44. The illumination light drawn such 
illuminates the reference marks 35A-35D on the reference mark plate 6 through lens 45 A, beam- 
splitter 45B, and lens 45C, and the illumination light which penetrated beam-splitter 45B is 
illuminating the reference marks 36A-36D on the reference mark plate 6 through lens 45D and lens 
45E, mirror 45F, and lens 45G. 

[0065] For example, the light which penetrated reference mark 35 A carries out image formation of 
the image of the reference mark 35 A on the fine alignment mark 29 on a reticle 12 through 
projection optics 8. The light from the image and the alignment mark 29 of the reference mark 35 A 
reaches a half mirror 42 through the deviation mirror 1 5, lens 40 A, and lens 40B, and the light 
carried out 2 ****s by the half mirror 42 carries out incidence to image sensor 43X for the X-axes 
which consists of two-dimensional CCD, respectively, and the image pick-up side of image sensor 
43 Y for Y-axes. The image of fine alignment mark 29A as shown in drawing 12 (a), respectively, 
and reference mark 35 image 35AR is projected on the image pick-up side of these image sensors 
43X and 43 Y. In this case, image pick-up screen 43 Xa of image sensor 43X for the X-axes is a field 
parallel to the direction of X on a wafer stage, and the direction of a horizontal scanning line is the 
direction of X, and image pick-up screen 43 Ya of image sensor 43 Y for Y-axes is a field parallel to 
the direction of Y on a wafer stage, and the direction of a horizontal scanning line is also the 
direction of Y. 

[0066] Therefore, the amount of location gaps of the direction of X of reference mark 35 A and 
alignment mark 29A is calculated from the averaging of image pick-up signal S4X of image sensor 
43X, and the amount of location gaps of the direction of Y of reference mark 35 A and alignment 
mark 29A is calculated from the averaging of image pick-up signal S4Y of image sensor 43 Y. These 
image pick-up signal S4X and S4Y is supplied to the signal processor 41. 

[0067] If the mark group to which Sign A was given is explained more to a detail taking the case of 
the case where alignment is being carried out, under the RA microscope 19, alignment mark 29A and 
reference mark image 35AR which are shown in drawing 12 (a) will be observed to coincidence. In 
this drawing 12 (a), picture signal S4X in image pick-up screen 43Xa surrounded with the broken 
line and 43 Ya(s) and S4Y are detected by analog-to-digital conversion as a digital signal within a 
signal processor 41. Averaging of the image data on each scanning line is independently carried out 
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by the X-axis and the Y-axis within a signal processor 41, and picture signal S4X 1 for the X-axes and 
picture signal S4Y' for Y-axes by which averaging was carried out come to be shown in drawing 12 
(b) and (c), respectively. These image data is processed as a 1 -dimensional image processing signal, 
respectively. 

[0068] thus — if data processing of the acquired signal is carried out with a signal processor 41 — 
relative location gap AL'X of the direction of X with reference mark 35 A of the mark image 29 AW 
and the reference mark plate 6 of the reticle 12 of drawing 10 , and the direction of Y And AL f Y It 
asks. And it is relative location gap AR f X of the direction of X of mark image 30AW and reference 
mark 36A, and the direction of Y by the RA microscope 20 of drawing 1 . And AR f Y It asks. 
Similarly, the relative location gap with mark image 29BW-29DW and the reference marks 35B-35D 
of drawing 10 and the relative location gap with mark image 30BW-30DW and reference marks 
36B-36D are called for. 

[0069] However, the picture signal corresponding to alignment mark 29 A of drawing 12 (b) and the 
picture signal corresponding to reference mark image 35AR are having the location controlled, for 
example by the interferometer by the side of a reticle, and the interferometer by the side of a wafer, 
respectively. Therefore, the measurement coordinate ReAx of the interferometer by the side of the 
reticle at the time of measuring the mark group (29AW(s) of drawing 10 , 35A, 30AW, 36A) to 
which Sign A was given, and Re Ay 1 and ReAy2, [ for example, ] delta WaAX, and delta WaAYl 
and delta WaAY2 arise to the measurement coordinate WaAX of the interferometer by the side of a 
wafer, and WaAYl and WaAY2. [ deltaReAx which is a measurement error (= actual measurement- 
set point) resulting from the following error of each stage, delta ReAyl and delta ReAy2, and ] 
Relative location gap AL ! X asked for this measurement error for the point by the operation, and 
AL ! Y It is contained. 

[0070] then, the result of having deducted those errors from the relative location gap obtained by 
measurement like a degree type — the X component ALX and the Y component ALY of Vector AL 
of drawing 10 It becomes. [ of an alignment error ] however, a degree type — setting (1/M) — it is the 
contraction scale factor of projection optics 8, and IL and RL are spacing explained by drawing 7 , 
respectively. 
[0071] 

[Equation 1] ALX=AL'X-delta ReAx/M-delta WaAX [0072] 

[Equation 2] ALY=AL'Y-delta ReAyl/M-{(deltaWaAYl+deltaWaAY2)/2- (deltaWaAY2- 
deltaWaAYl) and RL/IL} 

[0073] Similarly, it is the X component ARX of the vector AR of the alignment error of drawing 10 . 

And Y component ARY It asks from a degree type. 

[0074] 

[Equation 3] ARX=AR'X-delta ReAx/M-delta WaAX [0075] 

[Equation 4] ARY=AR'Y-delta ReAy2/M-{(deltaWaAYl+deltaWaAY2)/2-(deltaWaAY2- 
deltaWaAYl) xRL/IL} 

[0076] Next, although error vector AO-DO of drawing 10 which amends the result obtained by the 
alignment equipment 34 of an off-axis method, and is obtained is explained therefore, with reference 
to drawing 13 , it explains per configuration of the alignment equipment 34. 
[0077] Drawing 13 shows the configuration of that alignment equipment 34, and sets it to this 
drawing 13 . The light from the reference mark on the reference mark plate 6 Deviate in the 
deviation mirror section 46, carry out incidence to the half prism 47, and the light reflected by the 
half prism 47 tends toward the alignment optical system (henceforth "FLA optical system") 48 of the 
image-processing method using the white light. The light which penetrated the half mirror carries out 
incidence to the alignment optical system (henceforth "LIA optical system") 52 for a heterodyne 
beam to detect the diffracted light from a grid mark. 

[0078] First, if it explains from the FIA optical-system 48 side, after the illumination light from the 
source 49 of the illumination light passes through the FIA optical system 48, it will be deflected by 
the half prism 47 and the deviation mirror 46, and will illuminate the reference mark on the reference 
mark plate 6. The light which followed the same optical path and passed return and the FIA optical 
system 48 to the FIA optical system 48 carries out incidence of the return light to half prism 50A. 
Image formation of the reference mark image on the reference mark plate 6 is carried out on the 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



8/16/2006 



JP,07-176468,A [DETAILED DESCRIPTION] 



Page 14 of 21 



image pick-up side of image sensor 5 IX for the X-axes which the flux of light which penetrated half 
prism 50A becomes from two-dimensional CCD. Image formation of the reference mark image on 
the reference mark plate 6 is carried out on the image pick-up side of image sensor 51 Y for Y-axes 
which the flux of light reflected by half prism 50A becomes from two-dimensional CCD. 
[0079] On the image pick-up side of each image sensor 5 IX and 51Y, image formation of the image 
as shown in drawing 14 (a) is carried out. The reference mark on the reference mark plate 6 is the 
lattice point of a grid-like pattern, and image 37P of the pattern of the shape of the grid are projected 
on drawing 14 (a). If width of face of P and a dark line is set to L for the grid pitch on the image 37 
reference mark plate 6 of P of the pattern of the shape of the grid, width of face L is set up quite 
smaller than the grid pitch P. Moreover, image formation of the reference mark (index mark) image 
48X1 for the directions of X illuminated by the illumination light other than the illumination light of 
the reference mark plate 6, 48X2 and the index mark image 48 Yl for the directions of Y, and 48 Y2 
is carried out to the image pick-up side. The location of the reference mark on the reference mark 
plate 6 is detectable on the basis of the location of these index mark image. 
[0080] Specifically, image pick-up field 51Xa of a direction [****/ as the direction of X / in 
drawing 14 (a) ] and image pick-up field 51Ya of the direction of Y and a direction [ **** ] are 
picturized with the image sensors 5 IX and 51Y of drawing 13 , respectively. The directions of the 
horizontal scanning line of image sensors 5 IX and 51 Y are the direction of X and the direction of Y, 
and a direction [ **** ], respectively, and each image pick-up signal S5X of image sensors 5 IX and 
51Y and S5Y are supplied to the signal processor 56 of drawing 13 . In a signal processor 56, 
averaging of image pick-up signal S5X and the S5Y is carried out, respectively, picture signal S5X' 
of drawing 14 (b) and picture signal S5Y' of drawing 14 (c) are obtained, and it asks for the location 
gap of a reference mark made into the object on the reference mark plate 6 from these picture 
signals. The still more detailed configuration is indicated by Japanese Patent Application No. No. 
16589 [four to]. 

[0081] When the reference mark made applicable to detection is reference mark 37A of drawing 10 , 
a relative location gap of the direction of X over the reference mark of reference mark 37A obtained 
by the image processing of drawing 14 (a) and the direction of Y is made into AO'fX and AO'fY, 
respectively. For the location of the reference mark plate 6 at this time, the value which lengthened 
the following error and rotational error of Ztheta shaft drive stage 4 of drawing 7 (a) from that 
measurement result since it was managed by wafer system of coordinates is the X component AOX 
of the error vector AO of drawing 10 . And Y component AOY It becomes. However, X component 
AOX corresponding to the FIA optical system 48 of drawing 13 And Y component AOY It is 
referred to as AOfX and AOfY, respectively. That is, a degree type is obtained. 
[0082] 

[Equation 5] AOfX=AO'fX - (WaAOX-WaAX) 

[0083] 

[Equation 6] 

AOfY=AO , fY- (WaAYl+WaAY2)/2 [0084] On the other hand, by the alignment system including 
the LIA optical system 52 of drawing 13 , after the laser beam from a laser light source 53 penetrates 
the LIA optical system 52 and the half prism 47, it is deflected by the deviation mirror 45 and carries 
out incidence to the reference mark of the shape of a diffraction grating on the reference mark plate 
6. Two ****s of the diffracted lights which the diffracted light from the reference mark followed the 
same optical path, and passed return and the LIA optical system 52 to the LIA optical system 52 are 
carried out by half prism 50B, and they carry out incidence to photo detector 55Y photo detector 
55X for the directions of X, and for the directions of Y. 

[0085] In this case, 2 ****s of the laser beams from a laser light source 53 are carried out within the 
LIA optical system 52, and the delta frequency of deltaf is given to the frequency of these two laser 
beams by the internal frequency shifter. The interference light of these two laser beams is received 
by the photo detector 54, and the reference sign S6 of frequency deltaf is outputted from the photo 
detector. Moreover, by the suitable incident angle with the laser beam (heterodyne beam) from 
which these two frequencies differ, the reference mark of the shape of a diffraction grating on the 
reference mark plate 6 irradiates, and the primary [ **] diffracted light of these [ by the reference 
mark ] two laser beams returns perpendicularly to the reference mark plate 6 in parallel. Although, as 
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for the interference light of the primary [ **] light, optical reinforcement changes by frequency 
deltaf, a phase changes according to the X coordinate and Y coordinate of a reference mark. And 
from photo detector 55X, beat signal S7X of frequency deltaf from which the phase is changing 
according to the X coordinate of a reference mark is outputted, beat signal S7Y of frequency deltaf 
from which the phase is changing according to the Y coordinate of a reference mark is outputted 
from photo detector 55Y, and a reference sign S6 and beat signal S7X, and S7Y are supplied to the 
signal processor 56. 

[0086] If the reference mark for detection is set to reference mark 37A of drawing 10 , the signal 
processor 56 of drawing 13 is the phase contrast deltaphiX of a reference sign S6 and beat signal 
S7X, as shown in drawing 14 (d). As location gap AO'LX of the direction of X of reference mark 
37A is calculated and it is shown in drawing 14 (e), it is the phase contrast deltaphiY of a reference 
sign S6 and beat signal S7X. Location gap AO'LX of the direction of Y of reference mark 37 A is 
calculated. The value which lengthened the following error and rotational error of Ztheta shaft drive 
stage 4 of drawing 7 (a) from this measurement result is the X component AOX of the error vector 
AO of drawing 10 . And Y component AOY It becomes. However, X component AOX 
corresponding to the LIA optical system 52 of drawing 13 And Y component AOY It is referred to 
as AOLX and AOLY, respectively. That is, a degree type is obtained. 
[0087] 

[Equation 7] AOLX=AO'LX - (WaAOX-WaAX) 

[0088] 

[Equation 8] 

AOLY=AO'LY- (WaAYl+WaAY2)/2 [0089] If alignment is performed in the location of a mark 
group where the sign A of drawing 10 was attached as mentioned above, eight data, ALX, ALY, 
ARX, ARY, AOfX, AOfY, AOLX, and AOLY, will be measured. By performing measurement to 
the mark group to which the mark group to which Sign A was given by such sequence - Sign D were 
given, 32 data (= 8x4) are called for. Among these 32 data, the data obtained under the RA 
microscopes 19 and 20 are memorized as observation data Dxn and Dyn, and the data obtained by 
the alignment equipment 34 of an off-axis method are memorized as observation data Axn and Ayn. 
Then, actuation shifts to step 111 of drawing 2 . 

[0090] In step 1 1 1 of drawing 2 , when the coordinate of the x directions and the direction of y of the 
system of coordinates which enabled it to actually change reticle system of coordinates and wafer 
system of coordinates only with a linearity error is set to Fxn and Fyn to the observation data Dxn 
and Dyn corresponding to the RA microscopes 19 and 20, these relation is as follows. 
0091] 

Equation 9] 

Fxn If R x -Rx*(GJ + 0)l[~D xnl fOx] 
Fyn J [Ry9 R y J[D ynj + [OyJ 

[0092] Moreover, a degree type will be materialized if the nonlinear error of x directions and the 

direction of y is set to epsilonxn and epsilonyn. 

;0093] 

"Equation 10] 

e 



xn l = ["Fxn 1 [Dxn 1 
ynj [FynJ [DynJ 

Jl-Rx -Rr(6)+e)][Dxnl [Ox] 
[ Ry 0 1 -Ry J [DynJ + [OyJ 



[0094] And the value of six parameters Rx, Ry, theta, omega, Ox, and Oy of (several 9) is computed 
using the least squares approximation so that these nonlinear errors (epsilonxn, epsilonyn) may serve 
as min. The scaling parameter Rx of x directions shows the scale-factor error of the x directions of a 
reticle 12 and the reference mark plate 6, and the scaling parameter Ry shows the scaling error of the 
scanning direction (the direction of y) of reticle system of coordinates and wafer system of 
coordinates here. Moreover, in the include-angle parameter theta, a reticle 12, the reference mark 
plate 6, and a rotational error and the include-angle parameter omega show the parallelism of the 
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scanning direction of reticle system of coordinates and wafer system of coordinates, and offset 
parameters Ox and Oy show the offset value of the x directions of both, and the direction of y, 
respectively. 

[0095] Next, the amount of base lines is calculated in steps 1 12 and 1 13 of drawing 2 . In this case, 
the offset at the time of the amount measurement of base lines serves as (<Ax>-Ox, <Ay>-Oy) by 
setting to <Ax> and <Ay> the average value of the data Axn and Ayn measured with the alignment 
equipment 34 of an off-axis method, respectively. Therefore, at the time of alignment, in switching 
control to the interferometer (it is also hereafter called "the interferometer LWOF only for off-axes") 
using a laser beam LWOF from the interferometer (it is also hereafter called "the interferometer 
LWX for exposure") which uses the laser beam LWX of drawing 7 (a) and using the FLA optical 
system 48 of drawing 13 , it sets the average of the measured data Axn and Ayn to <Afx> and 
<Afy>, respectively. And what is necessary is to give offset of offset (<Afx>-Ox, <Afy>-Oy) to the 
measurement value of the interferometer corresponding to the laser beams LWY1 and LWY2 of 
drawing 7 (a), and LWOF, and just to perform alignment processing. On the other hand, in using the 
LIA optical system 52 of drawing 13 , it sets the average of the measured data Axn and Ayn to 
<ALx> and <ALy>, respectively. And what is necessary is just to give offset of (<ALx>-Ox, 
<ALy>-Oy) to the measurement value of an interferometer. 

[0096] In addition, the above amendment method means setting up the standard coordinates of stage 
system of coordinates based on the reference mark on the reference mark plate 6. In this case, in 
other words, the shaft which passes along the reference marks 37A-37D on the reference mark plate 
6, for example turns into a reference axis, and the reading value (yawing value) of the interferometer 
LWOF only for off-axes on this reference axis at the time of setting the reading value of the 
interferometer LWX for exposure to 0 on this reference axis is calculated. And at the time of 
exposure, alignment of a wafer 5 is carried out for the result of having amended that yawing value to 
the reading value of the interferometer LWX for exposure, and the actual reading value of the 
interferometer LWOF only for off-axes as "an interferometer value for delivery" based on the 
interferometer value for this delivery, respectively. 

[0097] On the other hand, for example in drawing 7 (a), the approach of setting the reference axis of 
stage system of coordinates to migration mirror 7X for the X-axes may be used. In this case, the 
measurement value itself is used, without resetting the reading value of the interferometer LWX for 
exposure, and the reading value of the interferometer LWOF only for off-axes to coincidence (0), 
delivering in the state of drawing 7 (a), first, at the time of future exposure, and using the 
interferometer value of business. On the other hand, at the time of alignment, tilt-angle thetaXF to 
migration mirror 7X of the reference axis which passes along the reference marks 37A-37D on the 
reference mark plate 6 is calculated, and the value which amended IL-theta XF and was acquired is 
used for the reading value of the interferometer LWOF only for off-axes using the spacing IL of a 
laser beam LWX and LWOF. Thereby, at the time of the usual exposure, the reading value of the 
interferometer LWX for exposure and the reading value of the interferometer LWOF only for off- 
axes can be used now as it is. 

[0098] Next, since the measurement data Dxn and Dyn express only the relative error of wafer 
system of coordinates and reticle system of coordinates, when least-squares-approximation count is 
performed on wafer system-of-coordinates criteria, the called-for parameters Rx, Ry, theta, omega, 
Ox, and Oy are altogether expressed with the linearity error of the reticle system of coordinates on 
the basis of wafer system of coordinates. Then, what is necessary is just to drive a reticle based on 
the Niiza label (rxn, ryn) called for from the degree type according to the motion of wafer system of 
coordinates, if the x-coordinate and y-coordinate of reticle system of coordinates are made into rxn f 
and ryn 1 , respectively. 
;0099] 

Equation 11] 



[0100] Since amendment of Offset Ox and Oy is already made by the reticle side in this processing, 
it is good only by amending offset of (<Ax>, <Ay>) as an amount of base lines. Moreover, when 
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[ all ] based on reticle system of coordinates, it is also possible to bring a reverse result and to amend 
by wafer system of coordinates. Moreover, these amendments are amended by wafer system of 
coordinates at the time of rough alignment, it may divide like carrying out by reticle system of 
coordinates at the time of fine alignment, and it may be controlled. 

[0101] Since the check of reticle alignment and the amount of base lines is performed as mentioned 
above using two or more marks at the time of one reticle alignment according to this example, it 
becomes possible to equalize the depiction error of a reticle, and a reticle and the alignment error of 
a wafer, and alignment precision improves. Furthermore, since all of these processes are performed 
to coincidence, a throughput also improves. Furthermore, since the reference mark plate 6 which can 
measure two or more reference marks to coincidence in a non-scanning direction (the direction of X) 
is adopted, the error by the air fluctuation of the optical path of an interferometer does not arise. 
[0102] However, since the reference mark plate 6 moves to a scanning direction in step, the effect by 
air fluctuation can be considered. If for the reason the output value of photo detectors 55X and 55Y 
is used, the location of a wafer stage (Ztheta shaft drive stage 4 grade) is locked and the check of 
reticle alignment and the amount of base lines is performed at the time of the check of the amount of 
base lines in case processing which used the LIA optical system 52 of drawing 13 is performed, the 
effect of air fluctuation will be suppressed to the minimum. Moreover, the reticle mark of this 
example is arranged at a total of eight places of four comers of a reticle 12. In order to investigate 
the correspondence relation between reticle system of coordinates and wafer system of coordinates, 
not only offset but the parameters Rx, Ry, theta, and omega are required for this, and it is because it 
is more advantageous to the decision of Parameters Ry, theta, and omega to have arranged the mark 
in four corners. Furthermore, when using the luminescent reference mark plate 6, it is because it is 
difficult for a light-emitting part to have a limit and to make the whole surface on the reference mark 
plate 6 emit light. 

[0103] Moreover, when the number of reticle marks on a reticle 12 is set to n, offset parameters Ox 
and Oy are l/nl/2. It is equalized and the error of other parameters also becomes small. Therefore, 
an error becomes small, so that reticle mark several n is increased. The result of having carried out 
simulation of the relation between the error of reticle mark several n and a parameter and the error of 
the amount of base lines to below is shown. Below, it is 3 times the standard deviation sigma, and a 
unit [nm] expresses dispersion in four comers in thie Niiza label system of (several 1 1). 
[0104] 
[Table 1] 
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[0105] As mentioned above, by making reticle mark several n into eight pieces shows that precision 
of the check of 50nm and the stepping error of a stage of reticle alignment and the amount of base 
lines also as lOnm is made to lOnm or less by the reticle drawing error. That is, if it is less than a 
limit of the luminescent reference mark plate 6, processing speed is carried out early and many 
reticle mark several n is taken, it will also become possible to raise precision more. 
[0106] In this case, although the patterning error on the reference mark plate 6 and the distortion 
error of projection optics 8 remain as errors into the Niiza label system, since these do not almost 
have fluctuation, it will be satisfactory if the error acquired in the exposure result as compared with 
reference data at the time of equipment adjustment is removed as system offset. In addition, in the 
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above-mentioned example, as shown in drawing 8 (c), on the reference mark plate 6, two or more 
reference marks 35A-35D are formed, and two or more reference marks 37A-37D are also formed. 
However, even if it uses only one reference mark 35A and one reference mark 37A, for example, the 
effect of the drawing error of the pattern on a reticle 12 can be reduced by scanning only a reticle 12 
and equalizing a measurement result. 

[0107] Next, it explains with reference to the flow chart of drawing 15 per 2nd example of this 
invention, and drawing 16 . It was what the reticle alignment mode of the 1st above-mentioned 
example uses 4 sets of fine alignment marks 29A-29D on a reticle, and 30A-30D about this, and 
performs reticle alignment of FAIN. However, when the parallelism of the reticle system of 
coordinates of the scaling error of the scanning direction or the scanning direction and wafer system 
of coordinates is small after reticle alignment of FAIN is once performed by the approach of the 1st 
example, it may be made to perform reticle alignment and base-line measurement using 1 set of fine 
alignment marks. Thus, the alignment mode in which measurement to three items of scale-factor 
(Rx) measurement of the non-scanning direction, rotation (theta) measurement, and base-line 
measurement is carried out using 1 set of fine alignment marks is called "quick mode." This quick 
mode can be applied also when it turns out beforehand that the drawing error of the fine alignment 
marks 29A-30D on a reticle 12 is still smaller. 

[0108] In this quick mode, measurement to three items of scale-factor (Rx) measurement of the non- 
scanning direction, rotation (theta) measurement, and base-line measurement is carried out, for 
example using 1 set of fine alignment marks 29 A and 30A on a reticle 12, 1 set of reference marks 
35 A and 36A on the reference mark plate 6, and one reference mark 37A on the reference mark plate 
6. However, in order to amend the drawing error of 1 set of fine alignment marks 29A and 30A in 
the case of this quick mode, it is necessary to memorize the drawing error of Marks 29 A and 3 OA 
searched for by the fine alignment sequence. 

[0109] Actuation of this 2nd example is explained with reference to drawing 15 and drawing 16. 
Actuation of drawing 15 and drawing 16 is the actuation which added quick mode to actuation of 
drawing 2, and fine mode and quick mode can switch it. In the step of drawing 15, the same sign is 
given to the step corresponding to the step of drawing 2, and the detail explanation is omitted. 
[01 10] In drawing 15, like [ steps / 101-104 ] the case of drawing 2, a reticle 12 is laid on a reticle 
electrode holder, and the RA microscopes 19 and 20 detect the location of the alignment marks 27 
and 28 for a rough search, respectively. Next, one of fine mode and the quick modes is chosen at step 
115. This selection result is beforehand directed by the operator through keyboard 22C of drawing 1. 
However, the pattern information on a reticle 12 etc. is read by the non-illustrated bar code reader, 
and you may make it main control system 22A choose alignment mode automatically based on this 
result. 

[01 11] If fine mode is chosen, steps 105-1 13 of drawing 15 will be performed, and base-line 
measurement using the measurement result of the reticle alignment using two or more fine alignment 
marks and two or more reference marks and fine alignment will be performed like the above- 
mentioned. And at step 1 14, in the Niiza label system top on a reticle 12, the drawing error 
(henceforth a "mark error") of the location of the actual fine alignment marks 29 A and 3 OA to an 
original location is searched for, and the mark error is memorized in the storage section in main 
control system 22A. In case a mark error is searched for, from the relation (conversion parameter) 
for which it asked at step 1 13, it asks for reticle system of coordinates on the basis of wafer system 
of coordinates, and the nonlinear error of the measured coordinate value to the coordinate value on 
the fine alignment marks 29A-29D and the design of 30A-30D is searched for on these reticle system 
of coordinates. This nonlinear error turns into a mark error. Thus, the mark error on the Niiza label 
system on a reticle is memorized from the result of steps 112 and 1 13 at the time of fine alignment. 
Moreover, when the reticle drawing error is measured beforehand, an operator may do the direct 
input of the drawing error. Effectiveness is large especially when a linearity component is contained 
in a drawing error. 

[0112] On the other hand, if quick mode is chosen at step 115, actuation will shift to step 1 16 of 
drawing 16. And in steps 116-118, the same actuation as steps 105-107 of drawing 15 is performed. 
That is, the image of one pair of fine alignment marks 30A and 29 A on a reticle 12 and one pair of 
reference marks 36A and 35A on the reference mark plate 6 is observed under RA microscope in 
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quick mode, and the alignment equipment 34 of an off-axis method detects one reference mark 37A. 
Moreover, it asks for the location of the mark detected with the alignment equipment 34 of the mark 
observed under RA microscope in the second half and off-axis method of step 119. Then, in step 
1 19, the mark error searched for at step 1 14 of drawing 15 is amended to the location where the fine 
alignment marks 30A and 29A on a reticle 12 were detected. Thereby, the number of the mark 
measured in quick mode can amend the pattern drawing error on a reticle 12 at least almost to the 
same extent as the case in the fine alignment mode of the 1st example. 
[0113] Next, in step 120, the scale-factor error Rx of the non-scanning direction of the six 
conversion parameters (Rx, Ry, theta, omega, Ox, Oy) of (several 9), Rotation theta, and Offset Ox 
and Oy are searched for based on the location of each mark obtained by amendment at step 1 19. As 
shown in drawing 8 (a) and (c), specifically, the scale- factor error Rx of the non-scanning direction 
is searched for from the difference of mark spacing of the direction of X of the surveyed reference 
marks 35 A and 36A (the non-scanning direction), and spacing of the direction of X of mark image 
29AW and 30AW. Furthermore, it asks for Rotation theta from the difference and mark spacing of a 
location gap of the direction (the scanning direction) of Y of reference marks 35 A and 3 6 A, and a 
location gap of the direction of Y of mark image 29AW and 30AW. Moreover, Offset Ox and Oy is 
calculated from the average amount of location gaps of a reference mark and the mark image of a 
reticle. 

[0114] In addition, in this quick mode, since the mark made applicable to measurement is two pieces 
at a time in the reticle and reference mark plate 6 side, it can determine conversion 4 of six 
conversion parameters of (several 9). Then, the value of four conversion parameters is calculated as 
mentioned above. In addition, the scale- factor error Ry of a scanning direction can be searched for 
by choosing for measurement two fine alignment marks 29A and 29D located in a line, for example 
in the direction of Y of drawing 4, and two reference marks 35 A and 35D of drawing 8 (c). 
[0115] And reticle alignment is performed based on the scale-factor error Rx of the non-scanning 
direction and Rotation theta which were called for at step 120, and Offset Ox and Oy. In addition, 
measurement of a scale-factor error prepares beforehand the scale-factor error corresponding to a 
part for the gap of the measurement value of each mark to the design value of each mark as a table, 
and it applies a part for the gap of the measurement value of each mark to the design value of each 
mark to the table, and you may make it search for a scale-factor error. 

[0116] Next, in step 121, base-line measurement is performed using the measurement value of the 
main coordinate of reference marks 35 A and 3 6 A, and the measurement value of reference mark 
3 7 A. since [ thus, ] it is amending the mark error in according to this example performing fine 
alignment mode once, searching for the drawing error (mark error) of the pattern of a reticle 12 and 
performing alignment in quick mode — a high throughput — and alignment of the projection aligner 
of a slit scan method can be performed with high precision. 

[0117] Next, with reference to the flow chart of drawing 17, it explains per 3rd example of this 
invention. Whenever it carries out predetermined number-of-sheets exchange of the wafer (i.e., 
whenever this 3rd example is exposed to the wafer of predetermined number of sheets), it performs 
reticle alignment and base-line measurement in above-mentioned quick mode. In this example, after 
exchanging reticles with the projection aligner of drawing 1, an example of actuation in the case of 
carrying out sequential exposure of the pattern of a reticle 12 is explained to several 100 wafers with 
reference to drawing 17. 

[0118] First, in step 21 1 of drawing 17, the reticle used before is exchanged for the reticle 12 of 
drawing 1, and exposure actuation is started. In this case, reticle alignment in the quick mode which 
drawing 15 reaches step 101-104 and is shown in steps 1 16-121 of drawing 16 at 1 15 and a list, and 
actuation of a base-line check are performed. Then, the number of sheets of the wafer which will be 
exposed by the time it performs reticle alignment and a base-line check next as initial value at step 
212 is set as Variable N, and a wafer is loaded to it on the wafer stage 4 at step 213. However, a new 
wafer is loaded after performing the unload (taking out) of a wafer [ finishing / the exposure ], when 
there is a wafer already exposed at step 213. 

[0119] Next, it is investigated whether it is the timing which performs whether Variable N is 0 and 
reticle alignment, i.e., a base-line check, at step 214, and when Variable N is larger than 0, 1 is 
subtracted from Variable N at step 215, and it shifts to step 216. At this step 216, after performing 
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alignment of a wafer using the wafer alignment system of the alignment equipment 34 of the off-axis 
method of drawing 13, or a TTL method, the pattern of a reticle 12 is exposed by each shot field of a 
wafer. When no exposure to wafers has finished although the exposure process about the reticle 12 is 
ended after the exposure to a wafer [ all (assignment number of sheets) ] is completed, it returns to 
step 213 and the unload of a wafer [ finishing / exposure ] and loading of a new wafer are performed. 
Actuation shifts to step 214 after that. 

[0120] Moreover, when it is the timing which performs N= 0, i.e., reticle alignment, and a base-line 
check at step 214, in step 217, measurement of the rotational error of a reticle 12 and a scale-factor 
error is performed. This is the same as that of step 120 of drawing 16. Then, it shifts to step 218 and 
the base-line check of the direction of X of the alignment equipment 34 (wafer alignment system of 
2 flux-of-light interference alignment method including an alignment system or the LIA optical 
system 52 including the FIA optical system 48) of an off-axis method and the direction of Y is 
performed here. Then, after setting up the number of sheets of the wafer which will be exposed by 
the time it performs a base-line check next as a variable N at step 219, actuation returns to step 216. 
[0121] Thus, since reticle alignment and base-line measurement are performed in quick mode 
whenever it exposes to the wafer of predetermined number of sheets while performing reticle 
alignment and base-line measurement according to this example, whenever it exchanges reticles, the 
superposition precision of each wafer and the pattern image of a reticle can be raised by the high 
throughput. 

[0122] Moreover, although the technique of the above-mentioned example is explained about the 
base-line measurement at the time of the alignment of an off-axis method, it can expect the same 
effectiveness by application of this invention also in the TTL (through THE lens) method using the 
inside of the field of projection optics. Thus, this invention is not limited to the above-mentioned 
example, but can take configurations various in the range which does not deviate from the summary 
of this invention. 
[0123] 

[Effect of the Invention] According to the 1st projection exposure approach of this invention, the 
effect of the drawing error of the mark for measurement on a mask can be small suppressed by 
asking for the parameter (offset of a scale factor, the scaling of a scanning direction, rotation, the 
parallelism of a scanning direction, the direction of X, and the direction of Y) which matches mask 
system of coordinates and substrate system of coordinates by the least squares approximation etc. 
according to the location gap finally called for in each location of two or more marks for 
measurement on a mask. 

[0124] Moreover, according to the 2nd projection aligner, by equalizing the measurement result 
about two or more marks for measurement by the side of a mask, the drawing error of the mark for 
measurement of a mask is made small, and the amount of base lines which is spacing of the 
origin/datum of projection optics and the origin/datum of an alignment system can be measured 
correctly. Moreover, while according to the 3rd projection aligner making it correspond to two or 
more marks for measurement on a mask and forming two or more the 1st reference mark on a 
reference mark member Since two or more the 2nd reference mark is formed from the 1st reference 
mark of these plurality at spacing corresponding to spacing of the reference point in the exposure 
field of projection optics, and the reference point of the alignment system of an off-axis method, 
respectively, Since equalization is performed also for a reference mark side, the amount of base lines 
is measured more by accuracy. 

[0125] Moreover, according to the 4th projection exposure approach of this invention, it can ask for 
the correspondence relation between the system of coordinates on a mask, and the system of 
coordinates on a stage by the high throughput by choosing the simple measurement process by quick 
mode if needed. Moreover, according to the 5th projection exposure approach, the correspondence 
relation and the amount of base lines of the system of coordinates on a mask and the system of 
coordinates on a stage can be calculated by the high throughput by choosing the simple measurement 
process by quick mode if needed. 

[0126] Moreover, according to the 6th projection exposure approach, when exposing by the scanning 
method continuously to many substrates since the simple measurement process by quick mode is 
performed whenever it exposes to the substrate of predetermined number of sheets, the 
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correspondence relation and the amount of base lines of the system of coordinates on a mask and the 
system of coordinates on a stage can be calculated by the high throughput. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI axe not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the projection aligner with which the example of the 
projection exposure approach by this invention is applied. 

[Drawing 2] It is the flow chart which shows the alignment approach of the 1st example, and the 
check approach of the amount of base lines. 

[Drawing 3] It is the perspective view showing a reticle loader system. 

[Drawing 4] The plot plan in which (a) shows the plot plan of the alignment mark on a reticle, and 
(b) shows the alignment mark in the effective visual field of projection optics and a field [ **** ] 
etc., and (c) are the enlarged drawings showing the fine alignment marks 29A-30D. 
[Drawing 5] An explanatory view in case (a) performs rough alignment of a reticle, and (b) are 
drawings which reduced drawing 5 (a). 

[Drawing 6] When performing rough alignment of a reticle, it is the wave form chart showing the 
various image pick-up signals acquired from an image sensor. 

[Drawing 7] (a) is the top view of the stage by the side of a wafer, and (b) is the top view of the stage 
by the side of a reticle. 

[Drawing 8] The projection drawing in which (a) shows the mark arrangement on a reticle, the 
expansion projection drawing in which (b) shows an example of the mark on a reticle, the top view 
in which (c) shows arrangement of the reference mark on the reference mark plate 6, the enlarged 
drawing in which (d) shows examples, such as reference mark 3 5 A, and (e) are the top views 
showing examples, such as reference mark 37A. 

[Drawing 9] It is the top view showing the relation between reticle alignment and the reference mark 
plate at the time of measurement of the amount of base lines, a reticle, projection optics, and 
alignment equipment. 

[Drawing 10] It is drawing showing the error vector acquired by measurement of reticle alignment 
and the amount of base lines. 

[Drawing 11] It is the block diagram which cut and lacked the part which shows the configuration of 
the reticle alignment microscope 19 and an illumination system. 

[Drawing 12] Drawing showing the image by which (a) is observed with the image sensor of 
drawing 1 1 , (b), and (c) are the wave form charts showing the picture signal of the direction of X 
corresponding to the image, and the direction of Y. 

fDrawing 13] It is the block diagram showing the alignment equipment 34 of an off-axis method. 
[Drawing 14] The wave form chart showing the picture signal of the direction of X corresponding to 
the image in drawing showing the image by which (a) is observed with the image sensor of drawing 
13 , (b), and (c), and the direction of Y, (d), and (e) are the wave form charts showing the detecting 
signal obtained through the LIA optical system of drawing 13 . 

[Drawing 15] It is the flow chart which shows actuation of a part of alignment approach of the 2nd 
example, and check approach of the amount of base lines. 

[Drawing 16] It is the flow chart which shows the remaining actuation of the alignment approach of 

the 2nd example, and the check approach of the amount of base lines. 

[Drawing 17] It is the flow chart which shows actuation of the exposure approach of the 3rd 

example. 

[Drawing 18] It is the block diagram which cut and lacked the part which shows the conventional 
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stepper's alignment system. 
[Description of Notations] 

4 ZTheta Shaft Drive Stage 

5 Wafer 

6 Reference Mark Plate 

7 Migration Mirror by the side of Wafer 

8 Projection Optics 

1 1 Reticle Minute Drive Stage 

12 Reticle 

19 20 Reticle alignment microscope (RA microscope) 
21 Migration Mirror by the side of Reticle 
27 28 Alignment mark for a rough search 
29A-29D, 30A-30D Fine alignment mark 
34 Alignment Equipment of Off- Axis Method 
35A-35D, 36A-36D Reference mark 
37A-37D Reference mark 



[Translation done.] 
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Hi (3 5 A. 3 5B. •••) Rtfl2 (3 7 A, 3 7 
B, •••) <Dfi*pv-*frC,£!K fi« (5) 

^T'S*pT-i7g|5^ (6) ±0^2<DS*PV-^ (3 7 

a) %wmLrcVimr\ (i 2) ±©«»<0n-j8 

m-?-?<Qft<DPftfe(D 1 OOltSiJfflT-^ (2 9 A) i: 
JtfSt«^lOl¥v-^ (3 5 A) ^©fitB-rtiM^r 
ItSiJL. CcD<fc5tc!tfi!J£n*:fiiB-rntt, Rtf?-©* 
7 • T^X^OT'^'f *>h3ST"iiSgLfcJg2CDS 
(3 7 A) ©ffiB-f *iM<fc *-<DVX*±<J[) 

[0 0 2 4] 

[ftffl] »f^**«WO» 1 ««|g«3WStR^T 
tt, VX* (1 2) ±fc«R<D«-»fflv-**BBBU 

(6) ±{CBEBU ^X* (12) MXf- 
(4) SrX^y fcf>y^T'i2it)**^^ ^-n^tlO 

v-^cDfeB-rnA^fffM^n^o fbt, «s?e*jfc #i 

ififfil*K:J:oT, vx*&^JS£g;&®i^;&#jStt 
h) ^&*46^ CfcC ^?X^ (1 2) ±©ftaiJfflv 

n* <»T°immm\ mtsmmvtmr 

[0 0 2 5] *fc, S2£OSRS^fefcj:na\ 7X 
* (1 2) M<D&$l(DftMm-?—7lCl!B?Z9tmmW;Z: 
¥i${fr?2>Z£lc£r), -?7,7 (1 2) OftSiJfflv-^ 

oanwwiowi*<i^< lt, a»)t*» (s) com 

mg,tT^-(*>h%k (3 4) <0»(»^i:(0IBBT?** 
^-X^Vfi^jEStKff-pjT-^-So m3CD®& 

n9&5&\c&n\z. mm^-—>m=t (6) ±»c, vx^ 

(12) ±<0a»Off«fflV-^ (29A-29D) IC 
ftfc-£lfZ : t<Dmi<D£m r ?—**ffl&ffi (3 5A-3 

5D) Btittztmc, ctitbm&comicomm^-y 

(3 5A-3 5D) A>P»^n^n}S»^^ (8) <0H 

(3 4) <Dmm£Li:<Dfiamtettfc?zr$m-e* 
<om2comm^-7itm.8im o 7 a~3 7 d) ^bkl 

j; t) iE6itc ^— x ^ ^ ^ftsu ?ns„ 
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co o 2 6] *f£w<D&4 <D&§zmytfimc£ti 
zmviLTmm-?-? (2 9 a) tmm-?-? (35 

A) 4:©fiMWn«*i OfcttH-SiJL, i6f»gtfgjR£ 

tt-rsEjRfcfcstfc-rcfctfT?**. cot#, mix 

gfcfc^T* MfC^&fttfllJfflT-* (2 9 A) 

Ov-^^MOMiE^rff 3 ci:(c «fc 9 , ig^x;l/-:Ay 10 

[0 0 2 7] m5©g^^^ffitCj:n«. « 

LT77-<^>(-f (3 4) T^2 0l«p7-^ (3 7 
A) fcttRLfctttST?, 1 O<0ff-»MV-^ (2 9 A) 
(3 5 A) tcofiLB^ftiM^r 1 mi£ 

7>y hi:3Wfilfti:05S^r0R#tejC**<:4:*«-e#*. 

co 0 2 8] »6oia»B3toErafcj:*itf, as 

(5) *BfiE*Sl»5E»r*S»i:, W^RrJ&HdROSS 
(5) tB3tT5«E, *7 • TtisXJSiK.cDT^'f * 
>V%k (3 4) T?S2<DS*pV-^ (3 7 A) £g|gSL 

fcwi-e, lootfsijfflv-^ (2 9 a) tmivmrn 

(3 5 A) fc<0ffiB1*tlfi*llHl«tJfHB!lU C 
CO 0 2 9] 

Mic-ozmffiz&mLTm.w?z>o *mmMn. xu-y 
T'£3 0 0 1 ttsMUflosenraif $u coia 

L tC«fc«3€}g(DggW^ 0KT> rx V -y h iR<Dffi$iffi. 

tU >©«tffiE*fc3*3fc 8 fcfl- LT-y-x/N 5 

±K&»H7fc;*ft3 0 COStc* SftftE L<QX'J-y b 
«©B8I«ttfcWLT» Uf^;l/ 1 2#H 1 ©ttBfcft 

x/n5 «0 1 ©ttffifc»LT»#faK:--JS*HV/M 
( 1 /MM$HB%¥S 8 T'it?tl3o 
C00 3 0] l^^;M 2SD*^x/N5«D|gI6^^0l/^ 

TWIB-TSK, UT % ^;l/X^#9±CYHfc&|fii (01 

5M OtfKKh, COI/f^/UYIt7f-yi 0± so 
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KUt^I/B/NSIJiXt— 1 lA^CB^n, l^^b 
5S'J«^f-v^ 1 1 ±{c \s=f-5)V 1 2 tflSrt -y * 

Hi. ISKft^ 8 W^ffi{CSiI*®f*3T'0 1 (Dmmic 
W&X/jIrK Y^lDiSQ'lHjgTjIoI (0^(6l) fc^tl^f 

5„ L/T^^^/MgsjXT— >*i i_tidmmm2 i# 

BEB£*U bT^;l/£J$&9±{c&B£nfcT?$fH 4 

iri, Y^fSjs^e^iSKDfaBA^-^-^nTv^c t 
*«■ 1 4 fc«t omztirc&wiums 1 *»±w»3R2 2 a 

[003 1] — "y-x/N^^ 1 ±Ktt, Y«b?jr6UC 
®ffijSfiE^^x^Yfft|gl)!lXT-v'*2*^B?n. ^© 
±{C X fflftmcmW} S •> x/n X iHlXT-v' 3 
«B£*l, ^<7j±&CZ 9ttffil!lXT-^4A^t6n, 
COZ eittIgI&XT-:^4±{c^x^5tfK»tftci: 

»7tfBJ£**u fl.»teEB£ftfcT#tf- 1 3tcJ: 0. 

z fligixf- s?4©x?jirk Y73(njRt>*e^r&i<o{fi 

■iCti>-?h, T»*H 3tc<fc»3.?#P.nfc{4B'(fffi 
t±«I»3S2 2Afctt»SnT^5. £IWtt£2 2 A 
tt % •>X^BftSB2 2 Bf^/MT^XAYttiiX 
T—'JZ, 'J'XAXilglXf- >>3, ZQWIEKiXt 

-->* 4 offiwftibnff«jHirr« tftic, sa^oi 

CO 0 3 2] ttSEf*^ ^x/Nfj|£DTi$ffl 3 

9 ifWXr— >* 4 ±©^x/s 5 cDifi^fcSPv— 

CO 0 3 3] *0IJ<JDUt^;I/ 1 2£D±*{C«, »2py-- 
y«6±<DS*pv-^i:b^^;l/l 2±£DT-^i:^|H| 
«FfcS!S-r5rc*!)CDb^^;l/7'7-r^>'hgi«Smi 9& 

Xf2 0tc#<fci6©fifS] = 7- 1 5Rtfl 
£BEB?n> S^^—rvx^Bfl^^n-Si:. ^MflPK 
2 2 AA^O»^<Dti:T*, 5 ^-SKSfi 1 7&tf 1 

8K<fc9*-neruii6jS7-i 5Mi 6«jijg?n 

#><Q*7 • 7*f^077^^yh8i3 4A«B 
CO 0 3 4] SfCs ±fW8U3&2 2 AJCtt, *^U-^*-> 
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^U-*tt*— F2 2 C*^LT±SiJ®I^2 2 A 

CO 0 3 5] #fc, *0iJOS^S^Btct3^T, *x 

**7-f-5 $-e<0->— -5r >Xtco£0 2 <Q7n— h 10 
*#BaLTKW-TS. 5fefi2^f7^1 0 1 {c*5i^ 

;H 2<DyjZ5'l'^>h^T3= 03«, 

tt> 21@<Dl^^;U7-A2 3 ARtf2 3 B C 
n5.bf^l/7-i>2 3A 1 2 3BtlB?nft7-A 
I3ltott2 5i:, C©7-A|e]3£iitt2 5^0&£-&3[Hlfg 
«»2 BfciDflWiSnTV*. bf^;V7-A2 3A 
Rt>*2 3 BOU^JbiSllffifctt^n^ftJISSfMfffl© 20 
j$2 4 A&UF2 4 BA^fig^nTfct). A 
2 3 A&tf2 3 B H:7— AEIiteltt 2 5 ^/rLT^n^tl 

[0 0 3 6] Uf-^H 2coa-K«Fti:ti, MA3f 

fi'^7-A2 3 A±[c§^g^n-5c COBlCffi^eO 
l^?;U7-A2 3 BM\ WAtf«JXg-Pffiffl*nfcU 

■3?) fCt-aT, l/f^;l/7-A2 3A±T-bf^H 2 30 

*;H 2tiL/f^;l/7-A2 3 A±lcKfflR«Sn*o 
*C, 02©Xf77"l 0 2(C*Jl/>T\ @4E»M2 6*< 
T-A[e]igtE&2 5^LTUf^;l/7-A2 3 AfclslE 

HffiB (gttigLffifi) ) 0Dffl»B3$?U^H 2 

[0 0 3 7] COtt, K2S©*ffl©«2 4 A«, 
Zilftl'bmSliTsT— V 1 1 ±<D®«(iiBi:ia3gLfc:75'fS] 

*(Rlo«5HHfc:»Kil,fc«l8T?» W;l/7-A2 3A 
ttl^*rt/«/J>IBlbX-r--S?l l±icU^-9Jll 2#g 

lXr-yi 1 iKUf^H 2«w« 

7"— A[5Ji£ftt2 5(i-Z^|RltcT*' t '?, U*-*>H8 

I?n< U*-*;H 2<0SttJlL/^7^K:l^5 : -^;l/y- 

A2 3 AtfjiJg-rSo U**Jl/«/.NBftX-r- 
5>1 1 tffilC SCQ^pSHcL-T-^H 2^aSiSLTff so 
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<o COPHK:, U?-*;I/7— A2 3 A £2 3 Bfcfi&t 

icftjn, mtf^n^ntfi^^ua-Fhu^* 

;l/7>u-Ft£|e|if$l;:fT7 ci:T\ * jV^mS. 

[0 0 3 8] #{C0 2<DX7 L 'v7 1 0 3WTfUf^;l/ 
1 2£07-vl'^>'h^T3AV *^fc&<D®#§;&t>WE 
fCO^UtB^-rSo 0 4 (a) ttUf-*;M 2±<D77-l' 

(b) teXs+th^mbK^vM^mfcyj-frY 

t gfgttflRiA 3 3 R rt T'<D, X'J'V h tt<DB8BJ?f|ig?l9! 3 
2^£jjVf 0 7fe£73lRj2:y7?lRjt LT, y73[RltcSil^ 

^[pj^rx^rrsifrso 04 (a) tc&i^T, u^^yn 

2±<D4'*gl5<D/^->'M«C»^H(C«^3 I 6ai5 3 1 tfjg 

;l/V-*tt. 77t-fI77^yvh7-^2 7M 
28i:> 77^>77^^>hV-^2 9A~2 9DR 
O*3 0 A~3 ODtlCftlfZtlZ, feiZI«07 7-9— 7^ 

(D^^if-^fflT^-l'^y b7- * 2 8C±, fejadJO^ 

-y^-tf-mT^j v^-? 2 7 fcj*U5W»c«irii«ti 

[0 0 3 9] 3:7c, SfflfflJtDffi^aJS 1 k77»- 7*-ffl 
77-T^>l-?-^2 7©— 7?<D+^^ — >t<Dffl 
tc. y7a(pltci£SlLT7r^V7'7-r^>'hx'-^2 9 
A, 2 9 B**J£j££*T., q&a«©a»6»3 1 
f-^^^VhV-^Z 7<D{ffi73<D-h?^£ — 

y*(Rl^jfiSLT7r^>'7 r v-l'^>'hv-^2 
9C. 2 9D^M?nT^§„ iinG77^>77-f 
2 9 A— 2 9Di:^BHtC^ja{|J{C7 7^ 

>77^^yh-7-^ 3 o a~3 o DA^fig?nr*3 

•3s Cn? 1 77^y77'f^yh7-^2 9A~2 9D 
Rt>*3 0 A~3 0 Dtt, 04 (a) T-li#{C+^T- 
^i:bT^LT*^*^^c{i^-n^ti0 4 (c) (c^ 
Tok^c, 3*OiB»«/<^-^*x^fcBfS&WIHT 
2fflE5U-r*fc#te» 3*©i«*tt/<*->&y-tfiSiK: 

[0 0 4 0] $fc-f02«OX7^y:/l 0 3fc:43V>T, 04 

(a) (otEsnwn^yMr— ^mr^-c^ vhv— ^ 2 8 
^i<ouf7;i/77^^>naa («t, tras 
sagu i:^^) 2 0T-^ai-rs„ 04 (b) co* 

^ORAIMl 9Rt;2 0©U^^;H 2±T'©^ 
^1 9RRO'2 0R^U 57-9— ^-«ff-5IBK: 
fiv 77t-fffl77'l'^yhV-^2 7Rtf2 8tt, 
?n?tlWKRMl 9RSt>*2OR«t0fenilT*fe?)> 
7 -c F i: 3 3 R i 0 t tt{8J 

css 0 ens, 77it-5 L o?itc57-9-— T^fflr^-r 

2 7. 2 8«A#< bT*5<^S*^§ 
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COO 4 1] 05 (a) It. 77^-fl77-C^yh 

2 8©-7J©+^*->£<g<Dffi*0. 0 5 
(b) li0 5 (a) £Si/hL/c0T'&9, CO@5 

(a) SO* (b) {C*5V>T, R A gR§&H 2 0 £)IE7j Jf£© 
W^M^2 0 Ref €)itl?:Wi:Lr, Uf-^;H 2<on« 

(c *n- * / < * - ^<omwwM t mmmm t <on<owmm 

^ARil-TSo SfoT, 05 (b) tc^f <fc-Mc. flgA 

2 8«-7JCT)+*/^^-V2 8 a*WtSnt^5„ 
&teftS5te^©-f-:y:/".*->2 8 a<Dx^SRtfy^ 
T*&3;&*; -fcMT'ti^fDT^^Vhv-? 2 8<D2«3 

?4*6&C ^-<DfllW COWLS' 2 ORef ^S-TSo 
T> ^£D^46^a<DfS{CT5-r><VhT-^2 8*^ 
ofct#<£>x&S»:tfy&fifi:LT. *-©-h?v<;2-:/ 
2 8 a©xffiSRCfy^^J6^ 0 
[0 0 4 2] ^<DfcS6l£«, IE©^!& a (Dm&m* I N 
T (a) T*S-ffcO£:LT. -?-<DiI@ A R ©IE7bTO®igS 
^(D^WiD^nmMZ 0 Ref T'^S-r§«fg<DIe]StT- 
S«-y--^lSffit!t«, {INT (AR/W) +1} £fc 

©W^jMS'B 5*4>;L>£Lfc^(D«A RcDJE?jm<Dffim 

^*6tc^-n-?*nililW(D (INT (AR/W) +1} 
fitOW^^AS, B5. C5, •••4S^U 01<O 
\sm)lffiL>mW)XT-: -y\ 1 SrigffijLT, ^WSfrSiS* 
*XT--ytf^^LTJ11^0 5 (a) OfMi2 0R ef 

[0 0 4 3] 05 (b) '>&<fcfc*MA 
R X A R(D+>--^fflftJ{c-9— 7 c *f#ltD?'^'* > 

5tLT+»trp"r^^HT-^2 8*^t^, t£o 
T, C©77^^yFY-:?2 Stc^LT^toTalRltcW 

*VhV-*2 8®tt'^-y2 8 aOMfc^WT' 

[0044] 0 6«, zviioiz^-cyoifew&itm 
W-Lrmztircm^commm^ttTnL. me (a) Rzf 

(d) t±0 5 (b) (DmthWMA 5T't#6tl5x7a(S]S 
a*y73(Rjtc^^E^ffl^ s 06 (b) RZf (e) «0 5 

(b) O^&B'B 5T*m<E>t\ZxJ3fa%.Xfyj5folCfe 

ommm^s 06 ( C ) so* <n 1*05 (b) 

£I?C 5T'ff^n5x7J[p]RD*y7Jf6](C^5iii®ffl^T* 
«5o 06 (b) <Dm<mm)^+^<^-y2 8 a<D 
x&glA^&^n. 06 (f) £DiS^ffl^P.+*/^ 
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— >2 8 a£DyffigA**A66tl5 0 
[0 0 4 5] CO^CLT^— ^fflU^^;l/V-^2 8 
£&fflLfc&{C, 4-ftt±0 2©X7 L -y7 p l 0 4(Cfcl/> 

t> r Ammmi 9commmmic^yit-^-m7^^^ 

-^2 7 0fiES^tii^rSo fflU C<Dii£\ 0 1 

*P 6 cO/^-XDi-V^^g^^^ 8 (DM 

JSgp^e.BgB^LT*3< 0 CtD«t3k:S5pv-^ffi6*>e) 

[0 0 4 6] tO:©^— ^XT. 04 (b) (DRAfS 
©It 1 9K0*2 0<Dfgg£fKftSl 9RM2 0 R JCfcf-T 
-5, 77if-fffl77-l'^yb'7-^2 7M2 8iD(4 

£S„ Src, RAii^tDffi^ffiigl 9RSr/20Ri: 

^«6±<D»^-^^rR AIMl 9 SO 2 OTfHHiJ 
-TSCizlCtOff^CilA'T'^So CtUC«fc9> 77^ 
20 >77^^yh7-? 2 9 A~2 9 DRt>*3 OA-30 

Pift^ia©, TcSfr&T-TV^Vh (7777^>(> 

[0 0 4 7] fiU *MT'ti, SK7fe^8cDl^>XS 
*/h£<-f W;H2±077'('^yt-7 
-i'577t-fffl77^^>h7-^i:77-l'V77 

7-<^yh?-7i:7r'C>'77-i'^yhv-7J:^ 

30 ilV— ^{C-rSC tA'T'^^o -Oif-g-r-fe, 0 5JCtB 

5¥iS«?S*tfflT'?, R A WWM 1 9R 
0*2 0T*7'v-i'^>hv-i7C)-9— ^^rfel^ftctf 7 ci: 

[0 0 4 8] ^fC, 77l'y77-l'^yh«->-!ryx 

icov^TSiBjrr •"&**> ^-<DWtc'j7x/^7 r —v ? so"U7 c 

^;1/Xt-— >*<Di¥ffl^JS^o^|Ji"«-r5o 0 7 (a) 
(i-)x/\Xf-i*OWeife!)« CO0 7 (a) (Cfe 

40 -^«6A*BHe^tiTv^„ z enmrn^T— *j 

4±{C«, X||!lffl^aa7XRl>*Ytfiffl^l(l^7 YA'ES 

-g^n. >7x/n5±T'04 (b) <dxv v b#<Dmwm 

m.3 2 {CjfjST^X U >y htt«0^tSlge 3 2 W**S^ 

T-Mw^n, s^igei 9wsr>*2 ow**^-n ; en04 

(b) £0R*gm^ 1 9 RRt>*2 0 R i:ftfST*^5 0 
[0 0 4 9] ^1(1^7 X(-l«, X«(c¥f7TIO^nf 
tlJSKJ'd^'O^llllR */77^ > h^B 3 4 
*jlS^K^r»oTF^RiI LOU— *f— tT — A LWXR 
D'LWof **ra^^tx, &i&g£7 Yfcti, YttfcWS:^ 
so KfCjti-pT^Si I L<f)2*(DU- 9*-tf-ALWY 1 R 
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TU-lf-lf-ALWY 1 RtfLWY 2 
ST^W-TSIflOStlfcffiWffiYi &tfY 2 <D¥-t%m (Y 

1 + Y2) /2AWv^n5o £7c, Mx-tf&SffiYi 4: 
Y2 £OM#fre>Z et4®»lX7 1 -^4 0ia|E^ (9 

T, Z ettSKXx— vMOX YTffiiDfiiBRrjflDllte^ 

[0 0 5 0] «fte, ^4*|pJT'S^Y^|6m2iB<DT^ 

lt©!t$J^lO¥l$ffi*ffl^SllT\ 

^mic is— <f-tr-2=.Lw=f ^ffiffl-rs^fflT^w-o 

[0 0 5 1] 07 (b) Uff;l/Xf-Wffii 
(b) {Cfc'^T, Ufir^YlBXf 
— S> 1 0 ±fc \y=f-^ ;1/^/Jn|SWX t— 2/ 1 1 tflff? 20 
ft, *©±fc:U?-*rt/i 20mWZtlT^Z e Stc, \y 
mhftL'bfflSl^T— V 1 1 fCl±x*fcffi©gI&&2 1 x 
mSymm<D2m<D^mm.Z 1 y 1 . 2 l y 2*<H£3 
tU &Wl&2 1 xfctextttcTOHcU— +F-fcT— ALR 

x*^*f?n, &mm2 1 y 1 , 2 1 y 2fc«^n^n 

y fiEffflcU-f-e-L L R y 1 . L R y 2 #J!B|# 

[0052] vx.'sz.7—>>tmmic, i>?i/)ifflL>hm 

tXf-yi 1 <Dy#GjO0S«H\ U— tf-tf-ALR 
ylRtfLRy2 ^^ffl-T -5 2 MO^ftT-fffiSnfc 30 
^Sfityi RO'yz OVi^ffi (yi + yz) /Zttm^Z 
41-5= x^lBjOffiStt, b— *f— tT— A LRx§ 

2*1-5,, 

[0 0 5 3] COi§£\ 3taE*lftr**y*lftO»»« 

2 1 y 1 . 2 1 y 2 i: L,Tttn-:Mra-'7£!©E3*B 
iR*W2ftTfcr>, lyl, 2 1 y 2T'g» 
£*l/c U-if-H*-A LRyl, L R y 2 It^rtl^tlS. 40 

nicJ:-r)T, JlWhm$}X9— >J\ 1 OlnlSstcJ; 

S 0 ^x/nx-t— v^LfclTOc, U*-*;H 2± 
'J >y httO^H^J^ 3 2 RtfR ASHfR8t 19. 20 

ottsisiss 1 9 r . zoRWisnn^, ^lt, 

ffi&fiRttl 9 R&rj2 OR rcit^e>, W;H2tl 
7 (a) (OZ ettBftX^— S?4*S»-e#**fc:4-3 
T^o CO»Cl/f-^;H 2tZ8ttiftXf— >*4 so 



>z;l/l 2 £?x/%5 £<D[ljftel»a£ft±£tf3IRT';&.5 
^O#j£fCO£08Rtt*09£#!SLTl$iB.B-r3o 

[0 0 5 4] 08 (a) tt. 04 (a) ©Uf^H 2 
^17 (a) <DS*pv-^^6±{cg^LTf#^tl-5U 
2W^L, CCD08 (a) (CiS^T. 04 

(a) <D77'('>77'f^>l-7-i' 29A—29DJC 
MSV-^2 9AW~2 9DWi: > 7 7-C 
^ > 30A-30 DtCttS&v— ^^3 0 AW 

~3 0DWi:*^^tlTI/^o §V-^2 9AW~2 
9DWRrjF3 0AW~3 0DW{±, Ztl^tl^ 8 (b) 
fcjf;f £5^ 3*<Dit^«(D>'^-V?:4ia{CffiBL 

[0055] 08 (c) it, &m-*-'?&6±<Dmm-? 

-*OEB*jj*U C(D08 (c) CDlip7-^fi6± 
Ktt* 08 (a) £DV— ^$2 9 AW~2 9 DWRtf3 

0 AW~3 0 DWi:S»SH— OEKT^n^nSW— 
* 3 5 A~3 5 DM'3 6 A~3 6 DtfJBJjK^tlTi^ 
5o c4a?>aspv-^tiSW-^S6©S®A>^. B 

T— *ffi6±{C{i, 3 5 ARt>*3 6 AOffjS 

frZM&JjfaT&Z YTaifijtc^Pi I L /StgtnrcGtfilc 

I*v-7 3 7A«Sit?tlT^5c P^HI Ltf, 01 
tC*3tt5SK7 l d^8cOM^i:^7 • 7^->xJScd 
7 v -f * > h ^B 3 4 £Dg*pj5 i: OP^HIT'S 3 X 9 
-Oafc^LV. S!pT-^3 5 BM3 6B 

Of jiS, S5pv-^7 3 5 CSCJF3 6 C 04>^RD*S*pv 
-^3 5 D&r>*3 6 D<Dfp£.fr<E>?:n : etlYj5falcmm 

1 LffttfainfcffiB^x 3 7 B, 3 7 C&tf 
3 7 Dib«?nt^5. 

[0 0 5 6] IfY-i'3 5A~3 5D 1 36A~36 

D«^-n ; en08 (d) {c^-ri^tc, 7fTX7?ijoii: 

A—35D. 36A~36Dti08 (b) OV— ^f^2 
9AW~30DWOrt»tlR$«**??a55, 
gspx'— i7 3 7 A~3 7 Dti, 0 8 (e) ic^-t^o 
ft, x^(Ri&rjY^[Sifcm^tr-y^T?^^nfc^^ 

[0 0 5 7] H<Dm^ Tcfl2©Xr-y^l 0 5tCfc 
l^Ts Xf7^1 0 3SO*1 0 4dstiiJ{Cj;tlf#e.nfc 
U**>11 2 tRAmmm I 9Rt? 2 0 t<D 

(a) C7r-f>77^^yh-7-^2 9AM3 0A 
^nftlRAi«l 9M2 0Oi§Sil 9RR 
Xf2 ORrtt^W^-ttSo ^-£0^ Xf77"l 0 6(C«5 
^T, 08 (c) OS*pV-^«6±OS5p-=i'-^3 5 
ARtf3 6 A**n^n*OWKSi« 1 9 RRUP2 0 R 
fcfta*WS««l 9WM2 0W (09#Eg) ic&§h 
?Z a cntC«t>3/09 (a) lil^-f i-SlC, S^fflig 
1 9WrtT"=?-^ft2 9AW4:S2p^-^3 5Ai:A^ 
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iff fflW- 7- 1 7 6 4 6 8 

20 



micmmT-z, iss«2owrtf?-^3 0Awi: 

<OXf7 7"l 0 7(C:f3^T, R A^JiSSi 1 9&Q*2 0T- 
tUPtfC, ^-7 • 7'*^X73 5£(D7'7-l';><>hgB3 4 

[0 0 5 8] 09 (a) iC&^Tlt. 1¥7-?S6± 

?nn>5, 09 ( c ) {c^-rj;3{c, mmm& 

5£©7 5 -f * > h mm 3 4 aSSffittrt tcfitpv- * 3 

fcra*fc, 07 (a) ©Z flUMHttlX-r— 5>4*<±M 
(Y#A) (CtMfrrsOfc'mttlTt 07 (b) OUf 
9 )\/ffli'bW$i7^T—i? l ltfTffid (-y7?(S]) ic&W}? 

319 (a) fr£09 (b) fcjjVf <fc 5 fc, 
-*«6fcU*-*;H*i 2Wi:^-J|li:Y^(Ri{cKi< 0 
COt RAggfi&||19. 2 0 C0R2g®H? 1 9 W, 2 
0Wt*7 • 7»->7*S<r)77^^>hgl3 4 tl± 
HS^nTt,^<DT% 9W, 2 0WM77 

-Y*^hgB3 4(DT3\ 73F^A*^^nfcV-^Sf 
(•7-^§2 9AW, 3 0 AW, I¥v-^3 5A, 3 
6 A, 3 7 A) (Y-i' 
§2 9DW, 3 0DW. 1*PT-^3 5D, 3 6 D, 3 
7D) £T'#&i!jLTfT<o 

[0 0 5 9] Jfr$\ T7->C*>hm<&'lk<r)m9 (a) © 

9 A W&tfggi V- ^ 3 5 A D , K^ffiil? 2 0WO 
T{C(iv-^ft3 0 AW&tfg^v— ^ 3 6 Atf£>9* 

3 7 a*^o. cn^^A^^nfcv-^ 
«Hi9ict'<TBssn«. m 1 o»±ffl«-eotm3B« 

as**, a i <Dm±t&WT'Wimmm 1 9 w, 2ows 

77^f * > hgg 3 4 OT(c#fi Lfcv- J4fiF<§ 
A*W£ttfc^-*grC'fetK 82©»±ffiiri»«ai« 
«19W. 2 0WM77^^>hgl3 4£TRC#?£ 

*<t2 9 B P, S?Pv-^3 5 B, 3 7 Bf ) t**§. 
[0 0 6 0] fcUiWWaS'— 4rV**£3©»ihffilKft 
tffg4©Sllfc{fcB (09 (b) ©ttffiO tmV'MTCt 
tCfefJ, U?-?;l/fltl 2W<DV-^^Rt>*S?pv-^ffi 
6±0»spv-^t± s flF9A#tt£ttfe-7-*& 73*§ 

^DAWsnfev-^gfojut, ^n^nRASi^i 

9, 2 0&t>*^7 • 7 , ^S/X73^07'7-r^VhgB3 
4UU:oTttaiJ£ttT</'>< CtC%5 0 CflDf&ffrbV 0 



2©Xf77l0 5~l 1 OOKf^-e^-So C<D«ttcL 
T*A6P>n/i:ff-®J^?r^t»g<^-r^fci6(c. It 
$!Hg3l£01 0fc^-r o 
[0 0 6 1 ] 0 1 OfCfcl^T, RAg^il9t'f^n 

— ^3 5 Afre>V— ^2 9 AW$T'077Y^yH 

m<o^ h;i/^A l t LTs mmcmm-*-? 3 5 b~ 

3 SDA^^n^Pnv— ^^!2 9 BW—2 9DW$T<D 
77-f ^>hifO^ h-»l/5rB L~D L fc^S,, 1^81 
10 (c< l¥v-^3 6AA^?-^i3 0AWiT'O77 
^V^M^-^Ml^ARfcLT, »pv-*3 6 
B~3 6 D*^fnfnv-i?t3 0 BW—3 0 DW| 
X'<07^^^> bmM<0^-i7 h;l/^rB R—DR fT5 0 
*7 • 7i'->X^(?)77l'^>hgl3 4t?f# 

fv-^3 7 A~3 7 DA^e> ; e<D7'^t'^>h^B3 4 

<ds^$T'<d^m^^ hMfn^nAo-Doi-r 

So 

[00 6 2] ^LT> KM^* h;l/A L. AR-DL. 
20 DR^Hfti:^ 0 1 CDU-^^;K||(D^It 1 4T'ft" 
6?J5tlfcx7JfRl£0ffiSffl, EP-50 7 (b) OU- tf-e 
-AL R x^Il/^ietl/iigl^f tlftlR e A x 
-ReDx, iS^^h;I/AL, AR-DL, DR£f# 
tztt<D. 0 1 ©l^^MRIcDT^ff- 1 4-etHUSft;fc 
y#lRl©asfl«I> HI-^0 7 (b) £DU— <f-tf-ALR 
y 1 , L R y 2 fc^TffSnfd^Sffi^n^nR e 
Ayl—ReDyl," ReAy2~ReAy2 £-f 3 0 
^M^^h^AL, AR — DL. DR5ffci:t 
0 1 O^X/MBiOT^It 1 3T-H-jSiJ?nfc:X73(Sl© 
so MUM* EP^07 (a) tDIx— 9*— e— 2»LWX»> 
T»6nfcJS«ffi**n^tlWa AX~Wa DX, g?M 
^h;UAL, AR-DL, D R h c?0X 0 1 © 

•>x/N<if£o^it i 3"eifiMsftfcY;erift©fl£*fflu en 

^07 (a) <0U— tf — (f — ALWY 1, LWY2Srffl 
l^Tf#P.n/-c^ffl«r^n-rnWa A Y l ~Wa D Y 

1, W a A Y 2~W a D Y 2 itSo 

[0 0 6 3] $/c, i8^Nl/AO~DO^i/ii:f 
*7 • T^^7.73^<DT7'1'^>hSB*fflO r FP 
W-T'#P,nfcX^|R]CD^ffl N BP^07 (a) <DU-f 

40 -if-ALWoF?:ffli / >Tf#e.nfc^ffl^^n ; pnwa 

AOX~Wa DOXfcfSo C©«^ 07 (a) {C^ 
tJ:3(C, ■JXAlQlz-f-tf-iLWYl, LWY 
2 0X7J(fil<DMP!l« I LT?3DtK b^^^HmOL^—tF- 
e-ALRyl, L R y 2 ©<i7X/MU7?£)|i8PS« R LT 

[0 0 6 4] 0 1 OCSS^i' h;l/A LI?(D^i6 

Tj^O^IKB^-rsfctofc, 0 1 ©R A^SSm 1 9©<ffiK 
?rl¥ffltc»iH^-rSo 01 lit. RAi«l 9RXJC(0 
mmJh^ynL, CCO0 1 l tc^3t,>T. Z flffilgf&X-r— 
so -^4 O^gPck "P^7ri'/^-4 4 *^LTBife3tfcPU 
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u-LTt&i^o zv^oicmfrrircmwyctf. 

1^X4 5 A, e-i,xyj7^-4 5BS0 : U>X4 
5 C£*?TS«p-7-*«6±<DS*pv-^ 35A-35 
D^bsbJU, fcT-AXXU>y#-4 5 B LfcHBBH 
ft**, IX-VX4 5D, L/>X4 5E. 5^-4 5F&tf 
1^VX4 5 G^gTS*pV-^S6±cr)S*pv-^3 6 
A~3 6D*mWLZ^Z a 

co o 6 5] mz-imm^r-t 3 5 AzmmLtzm*. 

SB^8^LT, U^;H 2±(D771'>'77 
^>f-V->7 2 9±tC^"(OS*pV-^3 5 Acomzm 

m?z 0 ^oifv-^ 3 5 koimmsT^j * yh? 

-^2 9*^<DJtA^ Ufa- ^-15, U-VX4 0A, 
U>X4 0 B^ITa-7~7-4 2fc»U ;n— 7 = 

^ - 4 2 r- 2 $Mwar n/c^A^n^en 2 *jc c c d «t 9 

65Xttffl(Dl®174 3XMY«ffl©SilI?4 3 
YOStfliBKAiW*. cn6j«^?4 3X&tf4 3 
YOlHStefctt^nJFtlHl 2 (a) K^fi?"*, 7 
7-l'>77^^yhY-^ 2 9 ASO'IfT-ir 3 5 {* 

3 5 AR£D^s^?tis 0 coi^ xmm<Dmmm 

?4 3XOl«Iffi4 3Xali, i?±<DX 

<fe3*\ YifflO«ii?4 3 YOI§H4 3 Y a 

¥**»(0*l$It, Y 73 (SIT** 5 0 
CO 0 6 6] fi£oT, ffi®^4 3 X£Dffl«fi^S 4 X 

2 9 a k.<Dxyjm<DGLm-fnmtm*b<z>ti, mmm?4 

3 YcOSftm^S 4 Ycoingip^e.SSpv'-^ 3 5 A 
fcT^^yhT- ? 2 9 A£OY73[R]<£>GtB-fn«;b< 
*i6£*l3o cnSfiftS^S 4 XfitfS 4 Ytffi^ffl 
SSS4 1 tC«tfrSttT^*. 

CO 0 6 7] iDPac, |»AW?hft^^if* 

AgftSSgll 9T*{i0iJx.f£0 1 2 (a) ICttsZHT^ZT 
^f^OhV— *2 9Atlf7-^i3 5 ARfc*RI 
ftlcmmtZa COHl 2 (a) fcfc^T, ttflTCB* 
ttfcBBHi® 4 3 X a 4 3 Y a F*J<OBB<I^ S 4 X 
MS 4 Ytf, M^SSB4 1 rtT'Z^-n^/^-^ 

©j^SE^Offi^-^fi, {PB&SSB4 X 

m<Dmmm^s 4x' RVY&mvwmm^s 4 v a 
^■n^nHi 2 (b) (c) {c^$n5«t^tc* 

CO 0 6 8] CeO^KLTW&tlfcii^M^SaaSB 

4 1 -ummi&m-rzt. hi ocw/h 207-7 

{§*2 9 AWtlfp7-^fi6<0l?7-7 3 5 A i(DX 



TilRlRtfY^lSKDffl^^fiiB-rtlA L' x MAL' 

0. ^-?M30A\Ntmm-?-i?3 6At<DX?3faR 
tfY;£(S]CDte2W&{LtE'fftAR' x Rth'AR' y 
*6£ft5o I^AKc, 0 1 0K)-7-7i2 9 BW—2 9 D 
W t mm-?- *35B~35D£: ©ffift Ift &fizR-f tu 
SOFv-^^3 0 BW~3 0 DW^Ipv-:? 3 6 B~ 
3 6 D t<Dmttm%GL@irt\tfj£l6t>nZo 
CO 0 6 9] LfrU 0)JxJf0 1 2 (b) <DT^^f^> 
io. K-i? 2 9 AteJtfS-TSHBB^i:, S^pv-^^3 
5 ARlCttfotZmmiE^tlt, *tl?tlU1-i')lM<D 

tvx.> ^wo^mi tic*-? x&m^nm-^ tix 
i/^o se^T, Mxtf^AAM^f^n/fc^-^af ®i 

0O29AW, 35A. 30AW, 3 6 A) ^ItSJLT 
l^*IB©U**;l/B©Ti!OT©ttfflB«R e A x. Re 
Ayl, ReAy2t, V i/NfflScOT^ItOff-SteSW 
aAX, WaAYl, W a A Y 2 £:&C*fLT> ^f- 

T'^AReAx, AReAyl. 4ReAy2t A 
20 WaAX, AWaAYl, AWaAY2i:A^f3 0 C 

ftlAL' x . AL' y {C#$ftTt^-5 0 
CO 0 7 0] *-CT?#5£<D«fc-3fc:* W-«fcj:5»6tlfc 

tf, il OOT^^^ybiSO^^h^ALOX^ 
ALxMYdc»ALv {IU ^SCfCfcVT 

( 1 /M) 8 0 » I LJkZf 

R Lli^-tl^nia 7 TBtiPiLfclllffllT?**. 

CO 0 7 1] 

30 CIS 1 ] A Lx = A L' x-A R e A x/M-AWa AX 
CO 0 7 2] 

CIS 2] A Ly = A L ' y-AReAyl /M- { (AW 
aAY 1 + A Wa A Y 2) /2- (AWaAY 2— AW 
a AY 1) - RL/IU 

CO 0 7 3] WfiKcLT, m 1 OOT^-Y^O'h^MOD 
^Wl/AROXfStfARx RZfY&ftA Ry fc&SO 

CO 0 7 4] 

CI&3] A Rx = A R ' x-A R e A x/M— A Wa AX 
40 CO 0 7 5] 

CIS4] A Ry = A R ' y — AR e Ay 2/M— { (AW 
aAY l+AWaAY2) / 2- (AWaAY2 — AW 
a AY 1) XRL/IL) 

CO 0 7 6] ^Jfc, *y • T<r~>Xtt<D7?'(*>h 
SB 3 4^J;i3f#P>n5^*5rMiEbTf#c.n5Hl 0 
(OmM^i? bfrAO — DOlc^^rmffltZitiK ^tntc 
H>lz^(DT^^^>hmm3 4<Dffil£fc-oZm 1 3^# 

CO 0 7 7] 0 1 3t±, ^©7'7-<'7<^hgB3 4©^ 
so fig^r^L, C<D0 1 3fC*5l/^T, S^Pv— ^«6±<DS 



(13) 
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ftmik (J-XT TF I Aft^&J tl^v) 4 8fC|S)A^\ 

bx&m c«t r l i ATt^j 5 2 {cAi*-r 

5. 

[0 0 7 8] F I Aft^4 8{i!lfre>IK0ji-f £> 

t x mfflKM 4 9 6 <9!&Hj!ftt± F I A 4 8^i 10 

fc&, /N-7yUXiA4 7&tf{i|S]57-4 6lCioT 

fi^nx, s*pv-^ffi6±<os«pv-^^HSH^-r 
zmmQicimvft.s&zm^TF i a^im 8&c 

R»>> F I Aft3^4 8^jijlLfc:^*VN-7XUXi» 
5 0A&cAttU ^-7?VX1±5 0 A*mmLtz%;M 

# 2^tcc cd «t Qtezxmmoimmm? 5 1 xcdj»{§s 

E±K»^-^«6±©S*fSv-^{£;&jj=§&U /n- 
0 AT'S^tlfc^^2^7cC CD«tO 

6±os?pv-^^^-r§o 20 

COO 7 9] ^n^noffiff 5 1 XM5 1 Y©S 
{£ffi±tctt, 014 (a) K:^-<l:5&ffi{Jitf*§i££ft 
5. S^-^1S6±cDS^V-^{i^«0D>'^-V 
^^T'^t), 014 (a) lCli?(D&?tt<D'^ — 
>Ot3 7PAWnT^ 0 ^©^^CD^^-V 
CH13 7 P<9S^-*ffi6±T-<afg^fcf>y^P, Bg 
tt<D<B* L a-T 3 fc, fg L tf V * P ± 0 0 'h 

6 oiijtt imommyt-emtetut x# i^m© 

#B8v-* (ftSfV-*) ft 4 8X 1, 4 8X2MY 30 
1ifam<Dlim~*—i?m4 8 Y l . 4 8Y2tfi!!§{#!£ftT 

So 

CO 0 8 0] *f*Wfc«\ 014 (a) O^T'XTJlS]*: 
5 1 Xa&tfYTslnJfcJfcfS&^fa 
5 lYai', =tt\?ftm 1 3 <Ojf fi^R? 5 1 

xMs i YT-ais^ns,, »mm?5 1 x&t/s 1 y 
wp-femm'Dftfaizzixzti x ^fpjsth* y ^fpj t 

**(PlT*fet3, fflftig^S 1 XRth*5 1 Y<D^*vm<D 40 
Jfftfl^S 5 XRXfS 5 Ytf0 1 3©fIWiSB5 6 

efittSShi. I§ffiigi5 6-eti, ffifgfa^s sx 

&tfS 5 Y**ft«ijtaJS¥i£LT» 014 (b) (DM 
mm i %S 5X' RtfHi 4 (c) OBfMSffS 5 Y' % 
cnP.H®ffl^P,Sspv-^S6±£0^i:-rs 

RpSI^F 4-1 6 5 8 9 mcffiTjkZtlT^Zo 
COO 8 1] mmttMkt+iWW—lrlfitH 0(DMm 
3 7 A£Di§£-tc, 014 (a) ftiatcfc 0 

?#£>tt.5K 3 7 A«D#M^V-^tc5t-rsX^ so 
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fRlRtJFY^fRKDffl^^ffiB-rtl^^n^nAO' fxS 

0 7 (a) <DZ B$&mmXT—zs4<Dm'&mMBi.t3m$Z 

mm*3\^rzm*)\ iiocpj^h^Aoox^ 

AOx Rt/Yfig^AOv fib, 0 1 3<DF I A 

ft^lM 8{c#£-fSXfi!c#AOx &tfYjj£#AOY £ 
*tl?tlAOnRUAOrt t?Zo EP^. #5W»£tt 

So 

CO 0 8 2] 

C&5] AO«=AO' fx- (WaAOX-WaAX) 

CO 0 8 3] 

C&6] 

A Onr = A O' rr - (W a A Y 1 +W a A Y 2 ) /2 
CO 0 8 4] 01 3©L I AK¥Jk5 2ZStsT 

L I A7fc¥&5 2, 7*aBSLfc», 
4 5T'{I|Sj£nTS*pv— ^«6±<0[Hlflf^ 

1 AKm&s 2?tm&\^rmvxmz. a-7^'jxa5 

0 B T 2 4»M2tlTX*lRlfflO»aS? 5 5 XM Y7J 
iRlfflOSJfc*? 5 5 Y{cA*fT-5 0 
CO 0 8 5] CO^fC. L I Aft&3k5 2rtT?lx— tf^ 

mm^ytm? 5 4 ^7^^ zcDgytm^fr s ujq 

SSCA f <D#f!gfI^S 6A<tH^^tlSo ^fe. ^5 2 

^tcBgihf^n, fiDi^v-i'tcis^n^ 2* 

OU— *f«0± l^SSfifc^ ¥fT^SSpv-^«6lC 
WLTMiS{cjRS«J;dtc^:-pTV^ 0 , -?-£0±l^:7fe<D 

v-^(DXffiSSt>*Yffi^ct£;i:Tgffr5o fit, 

S3^^5 5X*>?>li. a^V-^CDX&SKjSCTtii 
ffl^SWkLTt^BjSaSA f ©lf-hffl^S 7XATO 
sn, §ftii??5 5 YfrP>«\ »Pv-^oyiS«k:(S 
UTfSffiA^ftbT^Sra^A f ©e-hfS^S 7 Y 
>WfWj«tU MSM^S 6Rt/e-r-ffl#S 7 X. S7 

CO 0 8 6] 1^tB3«f^cDS?Pv-^?r0 1 0©g*pT- 
^3 7 AttZt. 01 3©M^aSB5 6«, 01 
4 (d) (c^-rj;-5tc, #BB{i<§s 6i:lf-h®^S 7 
Xi:©{fiffiSA0x <fct), mm-?-? 3 7 A©X73[pJ<D 
fiEB-fnAO' u?:*i6, 014 (e) U:^-f«k-5tc, 

#^ft^s 6i:tr-h«^s 7xt<D{nmmA «v ± 

t). fi^pv— 5 3 7 A<DY73[p]<E>ffiB-fftAO' lx ^r* 
C©H-Wtt**)*&BI7 (a) OZflttfftXf- 
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Zo {IU 01 30L I At^2£5 2}C*ft£;-f3Xfi£# 
A Ox RQ'Y^AOy ^ftlfnAOuMAOiri: 

[0 0 8 7] 

[&7] AOu=AO' u- (Wa AOX-Wa AX) 
CO 0 8 8] 

A Oly = AO' ly — (W a A Y 1 +W a A Y 2 ) / 2 10 
[0 0 8 9] tt±<0«*CLT, 01 0 Of?** A tftt 
fc^-^gOffigT'T^f * Vh£fT3 A Lx x A 
Ly , ARx , ARy „ AOra, AOfY. AOlx, AO 
LYtosfS^^-^^H-sij^nSo C<Dii&->-^yXT 

^T'OH-iiJ^fT^CtlCfcoT. 321 (=8X4) O 
"r— ^*^46?>nSo cnS 3 2{@£0-r— £<DF*3^ R 
A^iK&l 9&tf2 0{cJ;0»P.n/'c7 s -^?:^SijT r - 
*Dxn, DyntLTlStSU ^7 • T * XttVT 7 
-T^>hSB3 4lcj;t)t#e > nfc7 :; -^^S'j7 ; -^A 20 
xn. Aynt LT!2©.T3o *Oi, ttfftiH 2 <DXf7 
^111 KWrt&o 

[0 0 9 0] m2<DX9-»;Zfl 1 1 (C:}3V>T, RAIH 
Ml 9, 2 0 ICMfctZmfflT-? Dxn , Dy„ ICJ#L 

^rAoM«F-i&cfFi. t?zt» cnsouufcttw 

TOPICS: 5 0 
[0 0 9 1] 

[«9] 30 
F «] = fRx -Rx-(<U + 0) 1|"D xn] [Ox] 
FynJ [R y . 0 R y J[D ynj + [pyj 

[0 0 9 2] Sfc, x#fflfttFy£TfflO#»gKie£e 

[0 0 9 3] 

[ftl 0] 
f£xn l_rFxn ]_[Dxn 1 
[£ynj [F,nJ [Dynj 

J 1 -Rx -Rr(w+0) 1 [Dxn] ("0x1 40 

[ Ry- 6 1 -Ry J [Dy„J + [OyJ 

[0 0 9 4] fLT, CftZim&mm (e m , eyn) 

tfm'ht%:zmicm^£m&in*m^T, (&9) ©6 

OtfV^^ — £R X> Ry, 9, a), Ox, Oy<DW%: 

«U^*;U 2 i:«¥^-^ffi6 £©x7j|n]<D<g^glM 
?r^L, X-^r— »J y^;?7^- £R y « U^/b^ffilS 

t-i/x/^fmtcQjfe^ro] (y^fpi) ox^-ijyy so 



>y W^* — *0 xMO y{iK#Ox^fqiRO-*y^|ql 

[0 0 9 5] $llC, 020X77 7*1 1 2RO-'l 1 31C 

ti'7>tt<DT ; y-J*^Vm.WZ 4 T-ftiflJ^tlfc^-* 
A» StfAyn (WSfif^n^ft <A x> Stf <A y> 
£LT. ^-X^^MffflBfO^-fe-y Mi ( <A 
x>-0x, <Ay> -Oy) S£oT, 
^yhB^ai, 07 (a) <DU-+f— f-ALWXi&ffl 
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